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Convair 600 


The new Convair 600 marks 
a “first”? in aviation—it is th 
first jet transport to employ the ~ 
“area rule” concept for increased é1 
speed at critical Mach numbers. — 


For-design and production of many 
of its components—the horizontal t 
vertical stabilizers, and important 
parts of the wing leading and traili 
edges .. . Convair once again has 
Avco’s Nashville Division, whieh a 
is producing important componen 
for the Convair 880 jet liner. Both 
Convair jets are planned to give ye 
_of dependable airline service. 


Avco/Nashville has su 
a 2 —— advanced manufacturi 
oo ; ae techniques as: 


Production of Avcomb—high tempe' 
stainless steel honeycomb structures 
for hypersonic aircraft and missile 


e Aluminum honeycomb structures ft 
aircraft such as the Convair 880, @ 
for other applications such as ne 
and communications shelters. 


Metal bonding and chemical millin 
lightweight aluminum structures. 
Design Engineering services to 
assist contractors. 

Experienced Management to imsurt 


on-schedule completion of each job 
at the most economical cost. 


UNUSUAL CAREER OPPORTUNITIES FOR QUALIFIED SCIENTISTS AND ENGINEERS s 


. WRITE AVCO/NASHVILLE TODAY. 


oad Nashville 


For further information, write to: 
General Marketing Manager—Strue 


Nashville Division, Aveo Corporat 
Nashville, Tennessee. 


HERE’S SKID 


Basic units of the Goodyear Anti-Skid System — 


specified for the Convair B-58 and Republic F-105. Installed on a 2-wheel fighter, the system weighs under 6 Ibs. 


1 FIRST, CONSIDER THIS — At today’s high 
landing speeds, a skidding tire can “‘flat spot” 
in two seconds. Several seconds later, it will 
blow out—endangering plane and personnel, re- 
quiring costly down time that can wreck flight 
schedules. The pilot—sitting ahead of wheels 
—can be unaware of danger until too late. 
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3 PROOF OF EFFECTIVENESS? Goodyear 
Anti-Skid System—specified for both the 
Convair B-58 and Republic F-105. 

Goodyear Skid Warning System—exhaustively 
tested and enthusiastically received by military 
and commercial pilots. FAA-approved for 
Douglas DC-7B and DC-7C Aircraft. 


Goodyear Pilot Modulated System—now prov- 


ing itself on one of the newest military jets. 


AVIATION PRODUCTS BY 


Goo 


Write in No. 1 on Reader Service Card 


ay 1959 


©0000 09880008000080808098H8HH 8888888888 


< 


A 


PROTECTION 


ure - Simple 


2 TO ANSWER THE PROBLEM—Goodyear 


offers three compact skid control systems: 
Skid Warning System* instantly raps -the 


pilot’s brake-pedal foot when skid is immi-~ 


nent. He allows for skid, keeps control. 


Anti-Skid System automatically releases brake 
pressure until skid danger has passed. Brake 
is reapplied automatically. 

Pilot Modulated Anti-Skid System is combi- 


nation of other two. Provides automatic skid 
protection yet allows pilot control if desired. 
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4 FOR DETAILED INFORMATION on these 3 
miniaturized, lightweight skid control systems 
—and specific facts that will help you decide 
which system is best for you—write Goodyear, 
Aviation Products Division, Akron 16, Ohio, 
or Los Angeles 54, California. 
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*Patents pending 
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CHEMO TEFLON * 

TAPES 
Tapes from .001” thicknesses 
to .125” thicknesses. Con- 
tinuous lengths. Dielectric 
Strength: 2,000 volts per 
mil. Tensile strength: 4,000 
p.s.i. Elongation 350%. Max- 
imum whiteness at no pre- 
mium cost. 


CHEMO 
TEFLON-COATED 
YARNS 
Yarns of uniform quality. 
Operating range 100°F to 
620°F. Excellent tensile 

‘strength. Low flow under 
heat and pressure. Excellent 
electrical properties over a 
wide range of temperatures 
and frequencies. High degree 
of chemical inertness. 


62-9 T 


COATED YARNS 
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For Quality 
For Service| 


SI 


SJ 


Wherever you find wires and cables insulated 
with TEFLON* ...and there are more appli- , 
cations seen every day . . . you'll find a ' 
Chemo Products TEFLON tape or yarn ready : 
to do the job. 

Get all the unique performance advantages 
of TEFLON* insulation plus super-swift serv- 
ice and expert quality. Get the complete 
package from Chemo. 

Save weight and space — Reduce assembly 
costs — Speed production — Cut maintenance . 
and replacement costs — with: . 

CHEMO 
TEFLON* TAPES AND YARNS 


Ask for new data sheets on CPI TEFLON* tapes and high 
temperature yarns . . . and on other TEFLON products. 


*Tefion—Dupont registered trademark 


<= CHEMO PRODUCTS INC. 


PLANT: WEST WARWICK, RHODE ISLAND 
NEW YORK OFFICE: 1071 AVENUE OF THE AMERICAS 
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From an original painting for CECO by R. T. Handville 


KAMAN’S H-43B HUSKIE is powered by a Lycoming T-53 gas turbine with 
complete, single-package fuel control and pumping system 
engineered and precision-produced by Chandler Evans. 


CECO’s product in the Huskie is one of a number of “unitized” control systems 
_ developed expressly for the fast-growing small engine field. In 
addition to controls for application in manned aircraft, 

other lightweight, compact CECO engine control systems have been developed 

for target drones and missiles, while still others are available for 
auxiliary power units in airborne and ground support systems. 


Chandler Evans pioneered single-package design of formerly separate 
Tg _ fuel system components and today enjoys a position of leadership 
in the field of small engine fuel control and pumping systems. 


“HANDLER EVANS CORPORATION © WEST HARTFORD 1, CONNECTICUT 


Interesting, informative literature on many CECO products is 
yours for the asking. Please address your request to Dept. 39. 
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monet 1900 


with 
Dual Ranges 
to 40,000 


Ampere-Turns 


Designed for production, research and instrument re- 
pair work, the Model 1500 will magnetize the new 
cobalt platinum and barium ferrite materials as well 
as all the Alnicos. It will saturate large switchboard 
meter assemblies and all panel type instruments and 
uses most existing adapters designed for the Model 
107A. Wire-wound fixtures ate plugged into front 
panel through a safety interlock system providing 
maximum operator protection. Operates from 115- 
volt, 60 cps line. Size 11 x 20 x 15; weight 125 lbs. 
Price $945. 


HAMA 


A basic condenser discharge unit for most medium 
size magnets, the Model 107A provides ranges of 
12,000 and 24,000 ampere-turns. It is capable of 
saturating most instrument magnets, including the 
MODEL 107A new core type mechanisms, using adapters or 
wire-wound fixtures. Designed for continuous 
duty. Operates from 115-volt, 60-cycle line. 
Price $530. 


LAC 


A high powered magnetizer (up to 200,000 
ampere-turns) capable of charging large Al- 
nico and ceramic magnets of various shapes or 
pole configurations. Adapters for multi-pole 
rotors, rod, bar, ring and other shapes are 
available. Designed for continuous produc- 
tion use. Size 30” x 33” x 38”; weight 235 Ibs. 
with 200-uf unit. Price of basic unit is less 
than $2100. 


Performance of all models is rigidly guaran- 
teed. Prices are net f.o.b. Boonton, N.J. and 
subject to change without notice. 


Radio Frequency 


LABORATORIES, nes : 
Boonton, New Jersey, : 
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_-wing test vehicle, built for the Air 
“ Force. Its reasons for designing! 


Biggest U.S. VTOL-STOL design, 
yet is Hiller’s 33,000-Ib X-18 tilt- 


such a heavy experimental plane, 
Hiller points out, where (1) that the 
X-18’s size is just right for the 
intermediate range, in which VTOL- 
STOL characteristics are most bad- 
ly needed, (2) past experience 
showed that smaller tilt-wing test 
models leave many technical and 
operational questions unanswered, 
and (3) the X-18 largely could be 
put together from existing hard-— 
ware—the fuselage comes from a 
Chase C-123 and the two T40 Alli- a 
son turboprops from earlier Nava 
VTOL programs. 

Each of the X-18’s T40s actually 
consists of two power sections 
coupled to a common reduction 

gear box and puts out 5535 eshp. 
n fifth engine, a 3400-Ib thrust” 
Westinghouse J34 jet, is installed in — 
the aft fuselage for pitch control in 
hovering and transitional flight. Roll 
during these flight regimes is con-~ 
trolled by differential thrust of the 
two turboprop engines and yaw by ~ 
the ailerons actuated in the down 
wash of the props. (See also “What ~ 


Price VTOL?”, p. 46.) . J 
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Hydromatics FLO-BALL valves 


Hydromatics makes them all . . . from a simple 
4, turn hand-operated valve to a complex pres- 
ure-operated 7 millisecond valve .. . in sizes up 
0 14”. All incorporate Hydromatics unique 100% 
low efficiency characteristic. 


Applications range from high pressure missile 


} 


Hydromatics, Inc. 


LIVINGSTON, NEW JERSEY » WYMAN 2-4900 
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base installations with off-the-shelf hardware to 
such special uses as catapult launchers, arresting 
gear, and emergency shut-down systems. 


Write for complete information on Hydromatics 
outstanding line of FLO+«BALL valves for high 
pressure, cryogenic and corrosive applications. 
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B.EGoodrich 


B.F.Goodrich Aviation Products announces a brand new, light- 
weight De-Icer system for the Piper Apache! 


Providing the first practical, low cost ice protection ever 
developed for light aircraft, this new system contains no electrical 
connections. Weight, complete, is approximately 50 pounds—and 
nearly half of this weight can be removed easily for extra load 
capacity during summer flying. 

The lightweight B.F.Goodrich Pneumatic De-Icer operates on 
compressed air which is stored in a compact, reinforced plastic 
accumulator. Guaranteed for 10,000 recharges at 3,000 psi, the ac- 
cumulator provides enough energy for 7 hours of positive de-icing 
action with each full charge when operated on a 3-minute cycle. 


The system performs satisfactorily between -65°F. and 200°F. 
Cycle and time life is the same as for the regular B. F.Goodrich 
De-Icers used on larger aircraft. 


A complete kit, fully FAA-approved, is now available for the 
Piper Apache. Contact your local B. F. Goodrich Aviation Products 
distributor and see how easily you can have your own Piper 
Apache equipped with this low cost ice protection. Or write: 
B.F.Goodrich Aviation Products, a division of The B.F.Goodrich 
Company, Dept. SA-59, Akron, Ohio. 
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Space/Aero Engineering 
Dynamics 


Time dilation in space travel 


Review of problems raised by time dilation effects, as 
postulated by relativity theory, on interstellar flight at 
extremely high speeds, Recent scientific arguments for 
and against “reality” of time dilation are discussed. 
Einstein’s derivation of time dilation and “rod shrink- 
age” from Lorentz’ theorems is explained. 


by Kurt R. Stehling, Contributing Technical Editor 
space/aeronautics 31/5 (May ‘59) p- 


Space/Aero Engineering 
Systems Engineering 


Astia code: 1-2,-9; 27-2 
Your code: 


What price VTOL? 


Discussion of feasibility of future VITOL transports. 
Comparisons are made between unloaded-rotor, pro- 
peller-powered, and jet-powered VTOL craft and con- 
ventional transports. 


by Marion O. McKinney, Jr., NASA 
space/aeronautics 31/5 (May ‘59) Pp. 


Space/Aero Engineering 


Production Engineering, 
Propulsion 


Astia code: 12-4; 26-1; 27-3 
Your code: 


Deep drawing for 
high strength solid rocket casing 


Size and strength limitations of suitable hot work tool 
steels. Mechanical properties are given for 10 mate- 
rials. Techniques are described for determining draw- 
ability and formability for new casing design, using 


scale models of final casing, as are final design and. 


development tips and fabrication processes. 


by Larry Shiller, Norris-Thermador 
space/aeronautics 31/5 (May ‘59) 


Space/Aeronautics 


System Engineering, Dynamics, 
Structures, Accessory Systems 


Overall capability 
is key to N-156F design 


Design study of new lightweight fighter developed by 
Northrop. Basic concept of the project and aerody- 
namic, structure, and maintenance design features are 
pane Arrangement of accessories is described in 
etal. 


Astia code: 1-2,-3; 7-5; 27-2 
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by Irwin Stambler, Associate Editor 
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Space/Aero Engineering 
Systems Engineering, Dynamics 
Structu es, Propulsion, 
Accessory Systems 

Avro Arrow: New frontiers of fighter 


design (Design Progress) 


Partial cutaway isometric of CF-105 with details of 
area rule modification-of original design, engine intake 
ducting and—boundary layer control, engine cooling, 
“inner and outer wing structure, and flight control sys- 
tem. Describes materials used and points out unique 
design features. 


by Victor DeBiasi, Associate Editor 


space/aeronautics 31/5 (May ‘59) p- 57 


Astia code: 1-2; 27-Z 
Your code: 


Space/Aero Enginee-ing 
Propulsion, Systems Engineering 


Turbo-ramjets best for Mach 2-3? 


Performance and design details of supersonic Nord 
Griffon II, powered by subsonic turbojet mounted 
centrally in a ramjet duct. Theory and advantages of 
this turbo-ramjet combination are discussed, and thrust 
and thrust coefficient curves are shown. 


by Denis Desoutter, Foreign Corresponding Editor 
space/aeronautics 31/5 (May ‘59) 


Astia code: 26-1 
Your code; 


Space/Aero Engineering 
Production Engineering 


Faster forming of complex parts 
with spin forging 


Discussion of spin forging which combines spinning and 
roll forging into a single operation and can be used 
for previously impossible fabrication of structural and 
powerplant components in one piece. Characteristics 
and performance of first operational machine are de- 
scribed in detail. 


by Randolph Hawthorne, Editor : 
space/aeronautics 31/5 (May ‘59) f 


Astia code: 13-1 
Your code: 


Space/Aero Engineering 
Accessory Systems 


External wire fins for 
compact missile heat exchangers 


reductions. 
ments are described as well as the need for careful 
quality control to produce leak-free units. 


by Irwin Stambler, Associate Editor 


space/aeronautics 31/5 (May ’59) p. 77 


Discussion of new types of extended-surface heat ex- 
changers that can provide marked weight and size 
Coil-wire and ‘punched-disk fin arrange-- 
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insert your own key if you use a special coding system. 


Space/Aero Engineering 


Materials, Structures, 
Production Engineering 


Astia code; 1-3; 14-1 
Your code: 


New silicone rubbers 
meet tough DC-8 specs 


Application of new room-temperature vulcanizing, GE 
SE-555 high strength, and GE SE-701 silicone rubber 
compounds in Douglas DC-8. New design concepts for 
ducting and production methods for the compounds are 
discussed. 


by R. T. Daily & R. W. Scholler, General Electric & Semco 
Research, resp. 


space/aeronautics 31/5 (May ‘59) 


Astia code: 7-3; 8-2 
Your code: 


Space/Aero Engineering 
Production Engineering 


Automated Wire-Wrap 
cuts production cosis in half 


Physical characteristics of Wire-Wrapped electric wiring 
connections for airborne electronic assemblies. Shows 
mechanical steps in making the connections. Includes 
design tips on optimum ratio of terminal thickness to 
wire gage and figures on stripping forces and contact 
pressures. 


by Victor DeBiasi, Associate Editor 
space/aeronautics 31/5 (May ‘59) 


Astia code; 1-2; 30-6 
Your code: 


Space/Aero Engineering 
Testing, Dynamics 


Cheap wind tunnel models 
from plastic kits 


Report on USAF Air University study of using com- 
mercially available plastic model kits for wind tunnel} 
work. Model preparation for evaluation is discussed, 
and some of the results are described. 


by Irwin Stambler, Associate Editor 
space/aeronautics 31/5 (May ‘59) p- 


Astia code: 17-4; 26-2; 30-3 
Your code: 


Space/Aero Engineering 
_ Production Engineering, Testing, 


Materials 
‘New tests and materials 
for high temperature fasteners 


State of the art in high temperature fasteners. The 
need for more accurate test equipinent and fixture is 
discussed, and an improved shear fixture is described. 
Trends in high performance fastener materials are 
covered. . 


by Irwin Stambler, Associate Editor 
space/aeronautics 31/5 (May ‘'59) 
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Space/Aero Electronics 


Researchers explore exotic gyros 


Review of theory and basic operation of gyros using 
inherent angular momenta of electrons and protons. 
Relevant theories of atomic and nuclear physics are 
explained, and the workings of the two basic particle 
gyro types— relying on precession and rigidity in space, 
respectively—are diagramed and analyzed. 


by James Holahan, Electronics Editor 


space/aeronautics 31/5 (May ‘59) 


Astia code: 8-3; 12-2; 22-7 
Your code: 


Azusa predicts ballistic missile impact points 


Analysis of requirements for an impact-predicting 
tracking system for ballistic missile tests and description 
of Convair Azusa tracker-computer-display system used 
at Cape Canaveral. Characteristics are shown by pre- 
diction results for three hypothetical missiles. Three 
dispersion tables are included. 


by S. L. Ackerman & R. C. Weaver, Convair-Astronautics 
space/aeronautics 31/5 (May ‘59) p. 134 
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Pages from an Engineer’s Notebook Your code: 


SF, waveguide dielectric breakdown curves 


Breakdown curves for sulphur hexafluoride used as 
waveguide dielectric for high power radar at S- and L- 
bands and related findings of a study by Airborne 
Instruments Lab. Minimum breakdown ratios are tabu- 
lated. 
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Space/Aero Electronics 


ARC-62 forecasts 
Mach 3-++ aero electronics (Design Digest) 


Analysis of the AN/ARC-62 UHF communications set. 
Details of the advanced design techniques used are 
presented in functional diagrams, covers-off photos of 
typical modules, and complete design and performance 
specs. The inherent translator functions are outlined 
and practical details are given of “uniform design 
criteria.” 

by Bernard Kovit, Associate Electronics Editor 


space/aeronautics 31/5 (May '59) p. 141 
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Do you know about 
Gask-O-Seals? 


THIS | 
Gask-O-Seal 
EXCEEDS 
HERMETIC 
SPECS! 


Gask-O-Seals often equal or exceed specification for 
hermetic sealing. The one shown here, for instance, has 
eight sealing points and is on one of our newest 
missiles. The leakage rate is less than the original 
hermetic seal specification called for which is about as 
perfect as any seal can,be. I 
Gask-O-Seals are high and low pressure static seals 

which require NO groove machining to accommodate. 

A flat surface with only a 125 RMS surface finish is oll 
you have to provide to get positive sealing with o 
Gask-O-Seal. ' 

There are many other outstanding features about 
Gask-O-Seals: Limited area for fluid attack, no loss of 
structural strength, rigid, easy to install and reploce, no 
tolerance build-up possible in seal cavity, etc. 

Why not find out about Gask-O-Seals and the other 

seals of Parker Seal Company’s “O-Seal Family’’—by 
the makers of Parker O-rings. 


Before Fastener 


Yarker 
SEAL COMPANY 


CULVER CITY,CALIF.eCLEVELAND,12, OHIO 
A DIVISION OF Parker Hannifin CORPORATION 


(Formerly F. C. Wolfe Co. & Rubber Products Div. of Porker Appliance. Ce.) 


Write in No. 382 on Reader Service Card 
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One-ounce servo amp puts out two watts 


Brief design analysis of subminiaturized Ketay ampli- 
fier for use from —55 to +100 deg. C. Construction 
and packaging features are highlighted, circuit diagram 
is shown, and characteristics are listed. 


by James Holahan, Electronics Editor 
space/aeronautics 31/5 (May ’59) p- 145 
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coming next month 


IN TIME for the biennial International Aviation 
“Salon” in Paris, France; SPACE/ AERONAUTICS will 
publish its special report on “European Aviation 
Progress.” In a series of three articles, it will bring 
you up to date on the overall status of the aircraft/ 
missile industries of Europe ahd report in detail on 
engineering advances. Special coverage will be given 
to the latest electronics developments. 

In addition, there will be a brief company “pro- 
files” based on an extensive survey of Europe’s air- 
craft missile firms. These capsule descriptions will 
give precise data on capabilities and facilities. 

Also included in the special report will be product 
and literature sections devoted to the achievements 

of European companies. 


MORE LIKELY than not, our early space stations 
will have to be assembled in space—we just won't 
have the propulsion to shoot them up in one piece. 
How such an assembly operation hundreds of miles 
above the earth might be worked will be examined 
in a detailed design study. 


DETAILED design features of one of our most ad- 
vanced ballistic missiles will be described in next 
month’s Design Progress. 


coming soon 


THE ENGINEERING PROBLEMS of manned ex- 
ploration of the fringes of space will be taken up 
in a detailed analysis of one of the highly advanced 
vehicles now being tested. 


Space/Aero Electronics Astia code: §-2 
Your code: 


Slidewire-tape pot 
boasts infinite resolution 


Design details of slidewire tape potentiometer. Precise 
tape calibration technique is described. Application and 
advantages of device in precision temperature and pres- 
sure measurement are outlined. Examples are given of 
instruments built around the resistive slidewire element. 


by Bernard Kovit, Associate Electronics Editor 
space/aeronautics 31/5 (May ‘59) p. 175 
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; Use the “Time-Saver’’... 


. our Reader Service Card opposite page 189 
to get more information on any product men- 
tioned editorially or advertised in this issue. It 
takes just three easy steps: 


1 Write the reader: service numbers of the items 
of interest on the Card. 


2 Fill in your name, title, company, and address 
and check the type of project your work ap- 
plies to. 


3 Tear out the Card and mail it (no postage 
necessary.) Space/Aeronautics’ Reader Serv- 
ice Dept. will get in touch with the manufac- 
turers for you. 


OOOO 


UCC ETU EEA COA TV PUEDE SECU VE TS eT PEED 


Aviation Operations Magazine, Aviation Service Magazine, and Avia- 
tion Age Magazine are combined with Space/Aeronautics Magazine 
A\l rights to the names Aviation Operations Magazine, Aviation Service 
Magazine and Aviation Age Magazine are reserved by Conover-Mast 
Publications, Inc. Copyright 1959 by Conover-Mast Publications, Inc., 
in the U. S. A. All rights reserved. Entire contents fully restricted. 
Every effort is made to verify the information published in this maga- 
zine, However the opinions of the authors are not necessarily the 
opinions of the publishers and this periodical accepts no responsibility 
in connection with any liability which might develop as a result of 
articles published. Published monthly by Conover-Mast Publications, 
Inc. Editorial and Executive Offices: 205 E. 42nd Street, New York 17. 
Single copy $1.00 except special issues, Subscription U. S. A. $10.00 
annually; Canada, $15.00 annually; Other foreign $20.00 annually. 
Printed by Periodical Press Corp., Phila. 40, Pa. 

Change of Address: Notice of new address should be given: one 
month in advance. Please send old address along with new address, 
title, and company to Circulation Mgr. SPACE/AERONAUTICS, 205 
E. 42nd St., New York 17, N.Y. Enclose .a recent address label if 
possible. 
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POSITIVE DISPLACEMENT, GEAR TYPE 


HIGH PRESSURE FUEL PUMP 
FOR AIRBORNE TURBINES 


Model 100-846 is a typical, highly reliable 

‘fuel component . . . representative of a series of 

‘units designed and developed by Great Lakes to 

satisfy special requirements. This model designed 

’ to meet MIL E 5009 A, is for turbine power plants. 

Provision for flow control drive and mounting is 
‘incorporated within the pump configuration. 


Great Lakes can save you time and money 
by incorporating existing units in your design 
plans at an early stage. You will find that our 
Engineering, Designing, Testing, and Production 
Ability will augment your own facilities. 


SPECIFICATIONS: 
OPERATING PRESSURE ........................ 800 PSI 
OPERATING SPEED ........................... 6,000 RPM 
CAPACITY 03: eerie eer eo oes 10 GPM 


Some of the complete line of products 
designed and manufactured 
at Great Lakes 


iwi Wit iil 


Cartridge type Fuel & Hydraulic Motor Driven 
SOLENOID PRESSURE ANTI ICING 
VALVE SWITCH PUMP 


Hyaraulic 
ACTUATOR 


Write today, for complete information on Great Lakes 
PNEUMATIC-FUEL-HYDRAULIC Components. An ex- 
perienced Sales Engineer is available to discuss your 
requirements. 


MANUFACTURING CORPORATION 


4223 Monticello Boulevard ¢ Cleveland 21, Ohio 
Write in No, 383 on Reader Service Card 
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Generar POWER, testifying before the House Ap- | 
propriations Committee, spoke of the “fantastic com- — 
pression of time” that has taken place in military tech- — 


nology. This time compression has occurred in more 


places than the SAC commander perhaps had in mind. i 
Certainly, it is evident throughout the space/aero in- — 


dustry. 


But it is more than a matter of time. It is a matter i‘ 
of communications, This is one of the most important — 


factors in- the- engineering profession. Because of the 


rapid and revolutionary changes which have taken place © 
in a few years’ time, two somewhat contradictory pres- ~ 
sures have been exerted on space/aero technical peo- — 


ple: One, to specialize; the other, to keep in close touch 


with what is going on in related technologies with which — 


one’s own is integrated. 


B UT IT doesn’t stop there. Ideas can come from any- | 


where. Artificial restraints, such as the “need to know” 


concept of military projects, have a stultifying effect. 
Technical publications, such as ours have felt the im- — 
pact of the technological revolution along with the in- — 
dustry they serve. At one time we were satisfied to know | 
“scientists”, 


that we communicated to “engineers”, to 
and to “technical managements”. From personal contact, 
we know you are deep in various technical areas, in 


special parts of these areas, and in details of those ~ 


specialties. 


_ But with the assault on space, a trend is developing — 
to recombine all branches of the art. At the same time, — 


different emphasis is*being placed on various disciplines. 
There is a realignment of company structures. And there 
is a development of new specialties. 


F or INSTANCE, electronics enginers on advanced 
systems are finding they must know more about metal- 
lurgy. This poses semantic problems, for the two disci- 
plines have developed separately and find it hard to 
communicate with each other. Yet, communicate they 
must. 

The editors of SPACE/ AERONAUTICS, themselves engi- 
neers, continually try to press forward the boundaries 
of technical communications. The prime purpose is to 
provide that information which is needed on the job, 
directly or indirectly, now or in the near future. 

Questions uppermost in our minds are: What techni- 
cal specialties do you use most in your work? Are 
specialized: articles wanted in areas which are a sub- 
ordinate part of your job assignments? Do you want 
specialized and detailed articles in your own specialty? 
How useful do you find our special reports, such as 
Ground Support Equipment, Space Flight, etc.? 

This is a dynamic industry. No one in it or serving it 
can stand still, content with past achievements. 


— Liédlum fe. Gpaasr 


Publisher 
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FROM PHILOSOPHY —TO FEASIBILITY STUDY — TO DESIGN AND PRODUCTION 
GENERAL ELECTRIC'S GROUND-BASED 
GUIDANCE SYSTEM FOR THE ATLAS MISSILE 


The requirements imposed by this 


REQUIRED A COMPLETE MAINTENANCE intricate electronic problem were 


TRAINING METHOD FOR MILITARY | satisfied through unusually close 
PERSONNEL WHO WOULD BE ENTRUSTED WITH Gree omd Neuen wiEiepereddbic 


economy and compressed schedules. 


THE UPKEEP OF THIS MODERN WEAPON. 


ERCO WAS SELECTED FOR THIS CRITICAL TASK. 


SUITS...TO SERVICE THE WEAPON _ ) — 


NUCLEAR PRODUCTS—ERCO, DIVISION OF 
act INDUSTRIES, INC., RIVERDALE, MARYLAND 


t AMERICAN CAR AND FOUNDRY . AVION CARTER CARBURETOR : SHIPPERS CAR LINE ° W.KeM 
Write in No. 384 on Reader Service Card at start of Product Preview Section 
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NORTRONICS UNIVERSAL DATICO 
SOLVING CHECKOUT PROBLEMS FOR ALL 3 SERVICES! 


Positive proof that Datico is truly universal 
automatic checkout equipment: contracts for 
checkout requirements on missile systems and 
equipment in all three military branches of the 
Department of Defense. 


Army — Nortronics is developing for the U.S. 
Army a set of Datico universal test equipment 
designed toward the test of seven different com- 
plete missile systems. 


Navy — An application of the Universal Datico 
is being developed for operational checkout of 
an advanced U.S. Navy missile system. 


AIR Force — Universal Datico is at work today 


in a U.S. Air Force operational environment, 
operated by service personnel on a production- 


line checkout application to U.H.F. equipment. 


Today’s Universal Datico is available off-the- 
shelf: Federal Stock Catalog Number 6625-650- 
7542. It can be readily packaged for maximum 
mobility, and is applicable for use at launching 
sites, maintenance areas, depots, and assembly- 
line checkout stations. 


Tomorrow’s Datico is already in advanced devel- 
opment—by the same management-engineering 
team that delivered Datico in time for today’s 
weapons. For your systems checkout require- 
ments at all test levels, call Nortronics. Or, write: 


Chief Applications Engineer, Dept. 2003-F2, 


Nortronics, A Division of Northrop Corporation, 
500 East Orangethorpe, Anaheim, California. 


N O RTR O N | CS A Division of NORTHROP CORPORATION 
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The President’s judgment 


RESIDENT EISENHOWER says he is better able to judge our defense needs 
than any Pentagon expert. Certainly, as President he has access to all informa- 
tion on which to form judgments and make decisions. 


But there is serious doubt about the quality of information made available to 
him. Early this year, an industrial manager in the aircraft nuclear propulsion 
program wrote his fears to the President: “I recognize that your responses [on 
the usefulness of ANP planes] were based upon the best information available to 
you. I am only concerned as to the quality of that information and, speaking 
frankly, it is my opinion that you have been on the receiving end of some sloppy 
staff work, which may be setting some sort of historical records...” 


The point he makes obviously is grave. Judgments and decisions’ can be no 
better than the information on which they are based. Mr. Eisenhower believes his 
1960 defense budget is adequate. On what does he base his opinion? With Berlin 
as a backdrop, here is what his field commanders testified: 


“With my mission requiring me to be combat-capable all the time,” U.S. Army 

(Europe) commander Gen. Hodes said, “I need $60 million more.” This is not 

“frill” money. Gen. Hodes must absorb $24 million in added missions and in- 

creased costs. Moreover, unless he replenishes a $36-million deficiency in stocks, 
he will not be combat-ready as the Berlin crisis comes to a head. 


VAILABLE BRIEFINGS show the Soviet army has mobile missiles varying 

from 10 to 1100 miles in range. U.S. Army missile ranges are limited to 

15-175 miles. Unless the Army’s mission to be combat-ready all the time is a 
farce, it would seem its missile strength is woefully inadequate. 


Yet, the President says we have enough. He believes in the “minimum” deter- 
rent power. But what is the “minimum” deterrent? 


SAC commander Gen. Thomas Power says: “Nobody knows what the mini- 
mum deterrent is.” He adds: “If anybody tells you they (sic) know what the 
minimum deterrent is, tell them for me that they are liars. The closest to one 
man who would know . . . would be Khrushchev, and frankly I don’t think he 
knows from one week to another.” 


“T feel strongly,” Gen. Power declared, “that we must get on with this airborne 
alert to carry us over this period. I think you are just risking the whole country. 
That is how important I feel it is.” 


Yet the President says we don’t need the airborne alert. 


Does Mr. Eisenhower get all pertinent information? There is grave doubt he 
does. 
’ Randolph Hawthorne, Editor 
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How versatileCronaflex = = 

streamlines production ae 

Pp ) : oe ee 

Union Switch & Signal Division of Westing- . ! Pe t 

house Air Brake Company, Swissvale, ; 

Pennsylvania, has discovered that Du Pont 

CRONAFLEX Saves time and expense in several 

different ways in the design and manufacture 

of automatic control equipment for railroads 
and pipelines. 

First of all, diagrams of control systems do 
not have to be completely redrawn if they 
contain the basic elements. Instead, the basic 
data is drawn once and then photographically 
reproduced on CRONAFLEX as many times as 
necessary, and the variable additions added 
to meet the specific requirement. 

When preparing wiring diagrams for com- 
plex systems, Union Switch & Signal starts 
with reproducible template prints that contain 
basic parts of a composite control system. On 
these the designer adds the required wiring 
information. Then he cuts out the unused 
elements and reproduces the selectively cut 
print on CRONAFLEX, which serves as the 
final tracing. 

CRONAFLEX is also used to make accurate, S | «. _ 
legible reproduced tracings of valuable Unwanted elements of a drawing are cut from the composite print before repro- 
originals which due to age and use have ducing on CRONAFLEX. This saves time spent in laborious eradicating. a, 
developed poor contrast causing illegible 
reproductions. 

In addition, CRONAFLEX helps this company 
put an accurate picture directly on metal or 
plastic parts, eliminating expensive layout 
time for machining operations. The material 
1s spray-coated with a photosensitive emul- 
sion, placed in contact with the layout 
drawing on CRONAFLEX, and exposed in a 
vacuum frame. After development the piece 
is engraved, punched or machined for use as 
part of a product or used as a template in 
punching operations, directly from the picture 
on the material. This is feasible because 
CRONAR™* base of CRONAFLEX resists shrinking 
and stretching caused by changes in tempera- 
ture and humidity. 

Versatile CRONAFLEX can work profitably 
for you, too. For more information write 
E. I. du Pont de Nemours & Co. (Inc.), Photo 
Products Department, Wilmington 98, Dela- . cc . 
ware. In Canada: Du Pont of Canada Limited, oe a a 


Toronto. CRONAFLEX is also used to make metal or plastic templates. Material is spray 
coated with emulsion, then CRONAFLEX drawing is printed right on the surface 


tl l| p (] N T *CRONAR is Du Pont’s registered trademark for its polyester photographic film base. 


REG. U. 5. PAT. OFF This advertisement was prepared exclusively by Phototypography. 
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washington briefing 


by A. N. Wecksler, Washington Bureau Chief 


How does Congress decide on defense? 


MEMBERS of the Joint Chiefs 


__ of Staff and other high military 


brass have been trooping be- 
fore many committees of Con- 


_gress to testify for a military 


budget about which they have 
many reservations. 

Once they appear before 
Congress, these spokesmen 
take the position that the mili- 
tary budget proposed by the 
President represents satisfac- 
tory support and adequate de- 
fense. 


On the other hand, the mem- 
bers of Congress feel it their 
function to get at the root of 
things, to find whether by more 


_ effort or more dollars we might 
improve our military position. 


In the Congress, there is gen- 
eral impatience with the aitti- 
tude that we do it the cheap 
way. 


There is a feeling among 


; members of Congress that in- 
‘. formation is being kept not only 


from the public but from them 
as well. Last year they felt so 
strongly that the Administration 
was not pushing hard enough 
at the new barriers of space 
and ballistics exploration that 
they appropriated a billion dol- 
lars more for defense than was 
sought by the President. Con- 
gress wanted this money to go 
for more copies of the Atlas 
and the Titan, and for quicken- 
ing of development, on the 
Minuteman and Polaris. 

The Administration spent 
only a small fraction of the ex- 
tra money, but this year a sim- 
ilar performance is likely. The 
President’s request for $40.9 
billion for defense will be up- 


May.1959 


, 
4 

eat 

ere 


ped in Congress by at least 
half a_ billion dollars—again 
the result of a feeling that there 
isn’t enough urgency in our 
defense buildup. 


Part of the problem lies in 
the fact that few members of 
the U.S. Congress have a tech- 
nical background. The legis- 
lators are mostly lawyers and 
businessmen; in the total mem- 
bership of the Senate and the 
House, only an occasional en- 
gineer or chemist shows up. 


In contrast, among the 1269 
delegates to the 21st Congress 
of the Communist Party, 287 
were engineers, and a portion 
of the remainder were scien- 
tists. There is no direct com- 
parison between functions of 
the Congress of the Communist 
Party and our own Congress, 
but the contrast does serve to 
highlight the emergence of 
science and engineering in 
Soviet politics. 

With scientific competence 
almost non-existent among the 
members of our Congress, the 
Congress has to rely on the tes- 
timony of spokesmen for the 
armed services, and the state- 
ments of the Joint Chiefs of 
Staff. In addition, there has 
been some buildup of techni- 
cally qualified staff members on 
the various Congressional com- 
mittees which have an interest 
in ballistics and space. 


Here again, the capacity is 
built up to ask questions. There 
is little or no competence at the 
Congressional committee level 
to make independent judg- 
ments. 


How then does the defense 
spending process break away 
from the straight and narrow 
path laid out by the Adminis- 
tration? 

Occasionally there is the 
military maverick who is willing 
to sacrifice his career, and cry 
out publicly against the deci- 
sions reached in the Adminis- 
tration budget. 

Then there are the civilian 
organizations that are affiliated 
with a branch of the military 
—the Navy League, Air Force 
Association, and the Associa- 
tion of the U.S. Army. These 
groups have close contacts and 
continued personal ties with im- 
portant, military figures in the 
services for which they speak. 
lf a service gets severely 
pinched, its civilian counter- 
part will put strong pressures 
on Congress to make an ad- 
justment. 


Trade groups have an influ- 
ence —with the Aircraft In- 
dustries Association acting for 
air power and space, and the 
National Security Industrial As- 
sociation constantly pressing 
for greater firepower. 


Private reports have been ef- 
fective in influencing Congress 
in its policy toward appropria- 
tions. The Rockefeller Study 
pointed up the fact that we 
could afford to devote more of 
our gross national product to 
defense—while the Gaither Re- 
port made it clear that for the 
long pull, we were in trouble 
in pitting our strength against 
the military efforts of the 
Soviets. 
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ONLY LEAR ELECTRIC SERVOS ARE 
MAINTENANCE-FREE AND ALWAYS ON THE ALERT 


To help keep the peace, today’s missiles must be instantly 
ready to fire as the Sheriff’s six shooter of old. Delay or failure 
is fatal. Lear Electric Servos—even after “standing by” for 
three to five years—give this sure fire readiness 

to the nation’s missile arsenal. 


Lear Electric Servos provide more fire power per dollar by 
eliminating constant, high-cost maintenance required by other 
types of missile actuators. Lear’s servo actuators save manpower, 
equipment and money. They are field tested and stand ready 

to “take over” instantly in missile jet vane, air vane 

or elevon actuation. 


This proven action performance plus economy, both in-flight 
and “‘on the ready,” has won enthusiastic Army and Air Force 
acceptance for surface-to-surface and air-to-ground missile 
applications, and Lear electric servos can be designed to be an 
integral part of any known missile. 


Select your servo from this field tested line. 


GRAND RAPIDS DIVISION 
110 IONIA AVENUE N.W., GRAND RAPIDS 2, MICHIGAN 


Write in No. 387 on Reader Service Card at start of Product Preview Section 
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Newcomers plead 
for share of 
space/aero business 


Witu MISSILES and space vehicles taking 
increasing share of the Defense Department’s 
hardware dollar each year, many traditional 
aircraft firms maintain they are best qualified to 
fulfill virtually all missile and spacecraft contracts. 
The newcomers to the space/aero industry natu- 
rally disagree. 

T. F. Morrow, vice president of Chrysler’s 
Defense & Special Products Group, is one who 
feels there is room in the business for all. The 
man administering Chrysler’s Redstone, Jupiter, 
and other defense output, points out: 

“T think it is every industry’s job to contrib- 
ute to the nation’s welfare and defense programs 
whenever it can. Everyone seems to be in the 


‘defense business, because no one has a monopoly 


on anything in this country.” 

The Chrysler v-p cites the fact that companies 
producing military hardware must continually 
prove their qualifications. “Because we are in the 
ballistic missile game now doesn’t give us a right 
to be in it 10 years from now. We have to earn 
its” 

Aside from that, says Morrow, only a few 
old-line aviation firms predate his company’s 
efforts in the ballistic field. “We aren’t moving 
into a field in which the aviation companies 
were entrenched. We’ve been working on ballistic 
missiles since October 1952—at least as long as 
most of the aviation industry.” 

The Chrysler official believes that companies 
whose sales are primarily to the general public 
face a challenge that does not confront manufac- 
turers whose products go principally to the De- 
fense Department. “It is incumbent on commercial 
companies to see that every military program 
in which they participate is a success,” he points 
out “Idextification with a failing Defense Depart- 
ment project naturally hurts future chances of 
getting military work. But it could hamper the sale 


of commercial products as well. It is for just that 


industry viewpoint 


by Robert M. Loebelson, Associate Editor 


T. F. MORROW, vice president, Defense & Special 
Products Group, Chrysler Corp. 


reason that commercial companies study all the 
benefits. and penalties that might result before 
they bid for military business.” 

Morrow advances still another argument about 
the participation of automotive, electronic, rubber, 
and other industries in spacecraft and missile 
projects: “All industries contribute to the main- 
tenance of the defense establishment in the form 
of taxes. Why shouldn’t those same industries be 
allowed to participate in missile programs if the 
military services consider them qualified?” 

He cites the analogy of the automobile business. 
“Many companies have tried to get into the auto- 
mobile business. Some have succeeded; some have 
failed. It means only that competition must meet 
the test of survival.” 

Morrow says he has no desire to get into a 
controversy with officials of aircraft companies 
who maintain that newcomers should be excluded 
because they jeopardize the existence of traditional 
aircraft suppliers. But, he adds, “I recall the 
period after World War II when some aircraft 
companies were really hurting and others were 
reasonably well off. I don’t remember that the 
same companies that are now complaining about 
intrusions argued than for the survival of aircraft 
companies that needed more business.” 
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New concepts 

in modular 

micro- miniaturization... 
Bulova 


Bulova is implementing and shaping new concepts in micro-miniaturization, high- 
density packaging and micro-modular construction. 


Bulova craftsmen, toolmaking and production facilities are geared to mass 
production with tolerances of less than .0003”. Watch gaging and quality control 
techniques provide definite savings in precision assembly. 


Experience in precision design, in precision manufacture, is the Bulova capability. 
Has been for over 80 years. For more information write — 


Industrial & Defense Sales. Bulova. 62-10 Woodside Ave., Woodside.77, N.Y. 
Write in No. 388 on Reader Service Card at start of Product Preview Section 
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USAF IS EXPECTED to make its decision on 
the winner of the Martin vs Boeing Dyna-Soar 
competition by June 30. But the goal of the cur- 
rent program has now been changed from an 
operational weapon to a test vehicle. The engine 
for the “aircraft” stage has been eliminated. So 
for the time being, the Dyna-Soar proper is 


_ strictly a glider—which will reach speeds and 


altitudes approaching those of the current satel- 
lites. 

USAF sees the Dyna-Soar as the ultimate suc- 
cessor to the B-70 Mach 3 bomber. The team 
winning the Dyna-Soar competition will therefore 
be in line for lucrative contracts later on. 


A DYNA-SOAR-TYPE bomber will not be in 
service before the late 60s at best. The first 
B-70 will not fly until mid-’61, meaning the 
bomber will not be in the AF inventory until 
63 or ’64. Any major reduction in lead time on 
the Dyna-Soar will probably reduce the number 
of B-70s purchased. |. ; 


Scramble is on for 
USAF contract on air-launched 
ballistic missile 


MORE THAN a dozen firms are trying to get 
the USAF contract for an air-launched ballistic 
missile (ALBM). Lockheed, Marquardt, and Mc- 
Donnell, which have USAF contracts to study 
the feasibility of an ALBM, all have successfully 
fired their test vehicles, and AF has decided to 
go ahead with “Weapon System 138A” (to be 
launched from the B-70). 

In the interim, USAF planning on air-to- 
surface missiles revolves around the jet-powered 
North American Hound Dog. In addition to the 
B-52G, which will fire the Hound Dog and the 

~McDonnell Quail decoy missile, USAF and Boe- 

ing have now come up with the B-52H, which 
is being bought with fiscal 60 funds. The “H”, 
which has eight P&WA J57 turbofan engines, 
will operate over longer ranges and at higher 
altitudes than earlier B-52s. 


‘ALL JUPITER IRBMS to be used by USAF and 
NATO troops are being built at Chrysler’s plant 
outside Detroit. The comparable production line 
at Redstone (Ala.) Arsenal is turning out only 
special-purpose Jupiter test vehicles. 

Chrysler has not yet given up hope the Navy 
will buy the Jupiter for shipboard use. But Navy 
Officials tell SpaAcE/AERONAUTICS the Jupiter is 


technical t intelli , 


out because of the problem of handling liquid 
propellants aboard ship. 


JUPITER was originally designed as the Navy’s 
fleet ballistic missile (FBM), but was replaced by 
Polaris. Navy officials concede that next fiscal 
year they will program an FBM for launching 
from surface ships, but think a modified Polaris 
is the answer. This Polaris may be installed on 
the USS Long Beach, a nuclear cruiser, next 
year if tests are satisfactory. 


Entire missile spectrum being 
studied by Chrysler 


CHRYSLER’S PLANT can produce far more 
Jupiters than are on order now. But there is little 
likelihood of additional orders unless more NATO 
nations agree to accept IRBMs. 

Chrysler, whose missile experience to date has 
involved only ballistic types, is studying other 
missile types, including air-to-air, air-to-surface, 
surface-to-air, and target missiles. (The auto- 
mobile company submitted a bid for USAF’s 
Minuteman and reportedly finished second to 
Boeing). : 


WEST GERMANY’S licensing arrangement with 
Lockheed on the F-104 calls for the U.S. com- 
pany to deliver 30 two-seat F-104Bs this fall. 
The Germans will take delivery of 66 single-seat 
F-104As in ’61. Their own output of 200 F-10As 
under license will start at the end of °62. 

For both the aircraft and its J79 engine, the 
Germans will pay four per cent royalty to both 
Lockheed and GE, respectively. 


Storm in Japan over choice of 
Grumman Super Tiger 


IN JAPAN, where Grumman’s F11F-1F Super 
Tiger has been chosen for production under li- 
cense, the government is being urged to re- 
evaluate its choice to allay public suspicions. The 
debate in the Japanese Diet over the selection of 
the Super Tiger has been extensive and bitter. 


NORTHROP’S N-156F air superiority fighter 
was given a go-ahead by USAF, which has de- 
cided to support this design so NATO nations 
can buy it “off the shelf” (see “Overall Capa- 
bility Is Key to N-156F Design,” p. 52). 


more on next page 
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AFTER YEARS of supporting research by three — 


firms in the atomic bomber propulsion and air- 
frame fields, USAF settled on Convair-Fort 
Worth to work with GE’s Nuclear Propulsion 
Division at Evendale, Ohio}, in the initial design 
of a prototype A-bomber. Most of USAF’s work 
will continue to be concentrated on the develop- 
ment of the propulsion system. 

However, USAF is still planning to support 
limited design work at Lockheed-Marietta, which 
will also continue to operate its Georgia Nuclear 
Lab to study radiation effects. Studies by the 
other company in the field, Pratt & Whitney Air- 
craft, are financed primarily by the Atomic 
Energy Commission. 


Convair, GE, Martin, Sperry 
contend for Mauler 


EARLY selection of the prime contractor on 
the Mauler anti-aircraft weapon system is being 
promised by the’ Army. Current target date is 
July 1. 

The choice will’ be made among four com- 
panies who had Phase I study contracts—Con- 
vair, GE, Martin, and Sperry. 

6 

NAVY just let a number of substantial contracts. 
Among them are a $61.8 million order to 
McDonnell for’ the F4H-1 interceptor, $64.6 
million to Raytheon for the Sparrow III air-to-air 
missile, $93.3 million to Grumman for the early 
warning W2F-1 turboprop, and $101.7 million 
to Grumman for the twin-jet A2F-1 carrier attack 
plane. 

The A2F-1 award is a cost-plus-incentive con- 
tract, the first of its type. If costs are controlled 
and specific performance objectives are exceeded, 
the Navy will get the. plane sooner and at a 
lower price, and Grumman will get additional 
profits. On the other hand, if the performance of 


the plane, its systems, or costs do not meet. 


agreed norms, Grumman’s profits will decrease. 


McDonnell’s Mercury contract 
firmed up 
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NASA’S man-in-space Project Mercury is moving 
Steadily ahead. The space agency has firmed up 
its $18 million contract with McDonnell for 12 
space capsules, to be delivered over the next 
14 months. 
e 

LOCKHEED is expanding its activities in several 
areas. It bought a controlling interest in Seattle’s 
Puget Sound Bridge & Dredging—to “become 


eligible for a part in building atomic submarines.” 
The shipbuilding organization will be operated 
as a Lockheed subsidiary. 


Lockheed is also.creating a 12-25-member | 
“Lockheed Antisubmarine Warfare Systems Or- 


ganization” to work with the Navy in combatting 
the threat of Russia’s 450 subs. The group will 
include specialists in underwater acoustics, nuclear 
physics, aircraft design and equipment, data proc- 
essing, electromagnetics, oceanography, and re- 
lated fields. : 


TO HANDLE its dealings with foreign nations, 
aircraft companies, and airlines, the company 
also created Lockheed Aircraft International. 
LAI will provide technical and advisory services 
covering planning, finance, purchasing, material 
control, engineering, manufacturing, and con- 
tracting with Lockheed divisions. - 


One quarter for 
electronics out of every 
defense dollar, predicts EIA 


ELECTRONIC Industries Association in its 
analysis of Defense Department expenditures 
from ’59 to ’70 forsees a potential military mar- 
ket of more than $100 billion during that period. 
Ultimately, says EIA, nearly 25 per cent of the 
defense dollar may go for electronics. 

Federal Aviation Agency will increase the 
market for electronics, says EIA, which expects 
FAA will nearly double its "59 funding level to 
$1.2 billion by 64 and reach more than $2 billion 
by 770. 

Space activities will also involve a jump in 
electronics spending. EIA expects ARPA to drop 
from $455 million in appropriations in °59 to 
$170 million in ’°64, But NASA’s °59 authoriza- 
tions of $500 million will triple by ’64 and reach 
more than $3 billion by ’70, EIA says. 


MISSILE FUNDING will also account for ex- 
panded electronics sales. According to EIA, it 
will rise from $3.9 billion in 1959 to $8.2 billion 
in 1970. 

Spending for manned aircraft will drop from 
$6.6 billion in ’60 to $3.2 billion in *70, says 
EIA. Overall, EIA predicts a rise from $5.49 
billion in *59 to $12.34 billion in ’70 for defense 
electronics—from $850 million to $1.94 billion 
in operation and maintenance, from $4.15 billion 


to $7.62 billion in major procurement and pro- 


more on page 26 
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Missiles Along A Bright Path Of Precision / 


In many bearings, various dimensions and surface finishes 
must be held to within tolerances of one millionth of an inch. 
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Comparator measures dimensions to one- 
millionth of an inch. One of many 
pieces of ultra-precision equipment in 
the New Departure instrument/minia- 
ture ball bearing laboratories. 


"YD Instrument Boll Bearings Help 


CUSTOMER PROBLEM: —__ 

Missile guidance system manufacturers require 
a dependable source for super precise instru- 
ment ball bearings. When used in spin axis and 
gimbal applications, for example, these ball 
bearings help restrict vitally important drift, 
through extremely close tolerances and high 
precision uniformity. 


SOLUTION: 

New Departure research, development and 
production facilities were applied to solving 
the vital problem. Visual evidence of New 
Departure’s success is the bright path of pre- 
cision written across the skies by Sperry, 


AChiever and other guidance systems used in 
many of the most advanced missiles and space 
craft. In the case of Sperry’s gyrosyn guid- 
ance system, for example, New Departure 
instrument ball bearings are credited with a 
remarkable 1200% gain in gyro accuracy. 
Proof enough that New Departure has the 
know-how and facilities to solve tomorrow’s 
instrument/miniature ball bearing design prob- 
lems in missile and space exploration. 


What’s more, these New Departure facilities 
are available for your design develooment right 
now! Call or write Department H-5. 


NOTHING ROLLS LIKE A BALL 


Write in No. 389 on Reader Service Card at start of Product Preview Section 


duction and from $490 million to $2.78 billion 
in R&D. 


AEROJET-GENERAL and Thiokol will divide 
the responsibilities for propulsion of Boeing’s 
solid-propellant, three-stage Minuteman missile. 
USAF gave Aerojet-General an $85 million 
award to develop the second and third stages 
and Thiokol a $77 million contract covering the 
first stage. The contracts call for Aerojet to back 
up Thiokol on the first stage and for Thiokol to 
back up Aerojet on the other two. 


Bomare B and XQ-4B 
contracts let by Air Force 


USAF LET another major contract—to Boeing 
for the 400-mile Bomarc B interceptor missile. 
The $300 million award includes ground support 
equipment. 

USAF also decided to give Radioplane the 
go-ahead on the supersonic XQ-4B target drone. 
The XQ-4B will use the GE J85 turbojet instead 
of the Fairchild J83 of the XQ-4A (the engine 
that was killed at the same time as Fairchild’s 
Goose decoy missile). The XQ-4A was ‘to serve 
as the target for the Bomarc-Sage air defense 
system and for Terrier, Talos, Sidewinder, Genie, 
Falcon, Sparrow III, Hercules, and Hawk. 

@ 
ARMY AND NAVY are still the primary users 
of copters. Navy placed a $14 million follow-on 
contract with Kanan for the HU2K-1 all-weather 
multi-purpose helicopter. The copter, which uses 
the GE T58 shaft turbine engine, will make its 
first flight in the very near future. 

Bell got Army contracts totaling $23 million 
for the HU-1A and H-13H. It will deliver 110 
of the Lycoming T53-powered HU-1As and 60 
H-13Hs. - 


New early warning plane may 
cost $1.5 billion 
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TOTAL SPENDING projected by USAF for a 
new early warning and control aircraft runs be- 
tween $1 and $1.5 billion. Three designs, sub- 
mitted by Boeing, Lockheed, and Canadair- 
Convair, are being considered, but USAF’s 
decision is still several months off. 

The plane ultimately chosen may be required 
to detect enemy missile launchings and also com- 
pute the missiles’ trajectories. 

e 
USAF FIRMED UP its general operating re- 
quirement for an off-the-shelf cargo jetliner and 


technical management intelligence 


is soliciting bids from Boeing, Douglas, and 
Convair. Fiscal *60 budget provides funds for 
the purchase of 10 cargo jets, presumably off- 
the-shelf aircraft based_on the 707, DC-8, or 880. 

The winning firm will derive substantial business 
from the award, for the aircraft will be suitable 


for both MATS and commercial airline freight 


operations. 


MARTIN-ORLANDO’S two-stage Pershing bal- 
listic missile is moving forward with all develop- 
ments being handled in parallel rather than in 
series. Army and engineering test firings will take 
place simultaneously rather than consecutively. 

Working with Martin and Redstone Arsenal on 
the 500-800-mile missile are Bendix-Eclipse- 
Pioneer (inertial guidance stable platform); Bulova 
Watch (fuzing and arming), Thompson Products’ 
Accessories Division (transporter, | erector, 
launcher), and Thiokol (solid fuel propulsion). 


A BACKSTOP for the Pershing may come from 
Chrysler. Company officials believe the 200-mile 
Redstone and the 1500-mile Jupiter can both be 
modified to cover the 500-700-mile range. 


Subcontracting largely completed 
on “chemical” planes 


WITH EACH additional subcontract let by 
North American Aviation for subsystems for the 
F-108 interceptor and B-70 intercontinental 
bomber, more companies in the space/aero 
industry are gaining experience with the problems 
of Mach 3 aircraft. 

Several subsystem contracts have already been 
let by NAA on each aircraft. Two or three more 
are still to be awarded on the F-108 and eight 
more on the “chemical” bomber. 

Among the subcontractors for the F-108 are: 
Federal Telephone & Radio (mission and traffic 
control), AiResearch (central air data system), 


Marquardt (air induction controls), Autonetics 


(automatic flight control system), Hamilton- 
Standard (environmental control system), Convair- 
San Diego (wing), Electric Specialties (antenna), 
and Sundstrand (secondary power systems). 
Contractors on the B-70 include: IBM (bomb- 
ing and navigation system), Autonetics (automatic 
flight control system), Hamilton Standard (air 
induction controls), Boeing-Seattle (wing), Chance 
Vought (horizontal and vertical stabilizers), Lock- 
heed-Marietta (aft fuselage), Solar (engine extrac- 


_ tion air ducting system), and Sundstrand (second- 


ary power systems). 
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AC Generators 


SPECIAL ENVIRONMENTAL FREE INVERTERS 


DC Generators 


HIGH TEMPERATURE AC GENERATING SYSTEMS 


HIGH-ALTITUDE AND MISSILE INVERTERS 


HIGH TEMPERATURE DC GENERATING SYSTEMS 


STATIC AC AND DC POWER SUPPLIES 


DC Voltage Regulators 
and 
CONTROL PANELS 


There’s no questioning the quality of electrical 
power equipment when it’s made by Bendix Red 
Bank. The proof is in acceptance—almost universal 
acceptance. Twenty-four hours a day, in countries 
around the world, equipment like that shown above 
is proving that skillful design and expert engineering 
(plus an almost unmatched quality control system) 
can build an international reputation for dependable 
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performance. If you can use quality like this, call on 
us for recommendations. Write today for brochure 
detailing our engineering, production, and service 
facilities, RED BANK DIVISION, BENDIX AVIATION COR- 
PORATION, EATONTOWN, NEW JERSEY. 


West Coast Sales and Service: 117 E. Providencia Ave., Burbank, Calif. 
Canadian Affiliate: Aviation Electric, Ltd., P.O. Box 6102, Montreal, P. Q. 
Export Sales and Service: Bendix International Division, 205 E. 42nd St., New York 17, N.Y. 


AVIATION CORPORATION 


Write in No. 390 on Reader Service Card at start of Product Preview Section 
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STEAM PROPULSION for missiles is not as 
far-fetched as some engineers believe. The Navy 
is interested in a low-altitude meteorological 
sounding rocket boosted by a steam propellant 
motor. A chemical is used to convert water into 
steam. 

Developed by Experiment Inc., Richmond, Va., 
the “steam motor” is said to be applicable to 
much larger missiles. : 


-MARTIN’S P6M-2 production SeaMaster sea- 


plane, now being flight-tested, has been fitted 
with four P&WA J 75 turbojets. The new engines 
are said to make the production version of the 
SeaMaster markedly superior to the present 
YP6M-1 test models. In addition to new engines, 
the P6M-2 has a redesigned cockpit canopy for 
increased pilot vision. The wings have been given 
greater dihedral to allow for higher gross weight 
capability with the, new engines. 


Better radiation resistance 


for 


rubber tires 


“ANTI-RAD” chemical can be added to rubber 
to extend the useful life of tires on nuclear air- 
craft. Developed by Goodrich’s research center 
in Brecksville, Ohio, anti-rad is added in chemical 
form to rubber stocks before vulcanization to 
improve the rubber’s resistance to radiation dam- 
age. 

Tire life can be practically doubled, says Good- 
rich. During an 18-month development and radia- 
tion testing program, several formulations were 
studied. Tires were given a severe but not totally 
damaging radiation exposure, much the same as 
they would receive from a nuclear aircraft power- 
plant. They were then subjected to simulated 
high and low speed landings on a dynamometer 
tester. 


IRRADIATED TIRES containing anti-rad were 
able to take 25 high speed landings and several 
low-speed landings before failure. According to 
research v-p Dr. Frank K. Schoenfeld, the tests 
showed it is possible to protect rubber compounds 
against premature failure and to predict the ap- 


proximate damage from any exposure. 


® 
NEODYMIUM, which seems to increase the 
heat resistance of magnesium for aircraft and 


_ missile use, may also be good for steel and alumi- 
“num alloys. Since the early ’50s, misch metal (a 
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naturally occurring mixture of rare-earth oxides) 
has normally been used to adapt magnesium 
alloys for the 300-500-deg F range. According to 
Nuclear Corp. of America, Burbank, Calif., ex- 
periments suggest that the good qualities imparted 
by misch metal are due to neodymium. The un- 
desirable qualities—such as decreased resistance 
to creep—are believed to be caused by other 
components of the mixture. 


Purer neodymium should 
up heat resistance of 
metals without ill effects 


INDUSTRIAL PROCESS for extracting and re- 
ducing neodymium to 98-99 per cent purity has 
been perfected for large-scale production. It is 
believed the neodymium, used by itself, will im- 
prove the heat resistance qualities of metals with- 
out compromising any of the other physical prop- 
erties. 
L) 

UNDERWATER detection system designed to 
pinpoint test missiles launched from the Pacific 
Coast when they hit the ocean is said to be sensi- 
tive enough to detect impacts within a 500-mile 
radius of the system center. Plans are for a detec- 
tion network that will stretch from Hawaii to 
Hong Kong. 

Honolulu sources report the system—in the 
Wake Island area—is built around five 75-mile- 
long “detection” cables laid out as spokes on the 
ocean floor. Changes in radiation pattern can be 
traced first to the wedge-shaped sector bounded 
by any two cables and then more precisely to 
their distance from the center. Other underwater 
detection systems probably will be installed to 
expand the coverage. . . . Next logical develop- 
ment would be the extension of this technique 
for detection and tracking of underwater and 
surface vessels. 


Materials problems loom 
largest in nuclear rocket R&D 


OVER 30 PER CENT of the R&D work on the 
Rover rocket reactor program is going into solv- 
ing the materials problem. Final design will have 
to operate at temperatures over three times 
higher than those of any stationary power reactor 
in the U. S. 


more on nex? page 
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RADIOISOTOPE batteries will have only limited 
space applications. According to Maj. Gen. Don- 
ald J. Keirn, chief of nuclear aircraft and missile 
development for AEC and the Air Force, radio- 
isotopic devices do a good job of supplying small 
amounts of electricity. But, for space, it appears 
“the high-powered nuclear reactor turboelectric 
system in the megawatt range may be the only 
solution.” 


HUMAN FACTORS group set up by AEC and 
the Air Force is responsible for defining the 
physiological and biological problems of nuclear 
propulsion—by examining in detail the health 
and safety characteristics of specific propulsion 
systems under study or development. 


OVER 25 PER CENT of the ’60 AEC budget is 
earmarked for reactor developments aimed at air- 
borne applications: $12.1 million for nuclear 
power sources for artificial satellites,.$25.9 million 
for missile propulsion reactors, and $68.7 million 
for aircraft propulsion reactors. 


Hundred watts output 


and one year duration at less 
than 25 Ib converter weight 
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THERMIONIC converter demonstrated by GE 
was originally developed on a lab basis just to 
prove the feasibility of direct conversion of 
nuclear energy into electricity. Results far ex- 
ceeded expectations. Tests indicate a power pack 
generating more than 100 W and lasting more 
than a year could be built that would weigh less 
than. 25 Ib. 

Short-lived radioactive gold was used in the 
demonstration model. GE says the development 


model would use a long-lived radioisotope such _ 


as cerium 144, 


AUTOMATIC wire terminal attachment machine 
was developed by Thomas & Betts, of Elizabeth, 
N.J. Said to be the first of its kind, it will auto- 
matically install individual insulated electric ter- 
minals to wires in the AWG 22-18, AWG 16-14, 
and AWG 12-10 size ranges. 

The vibrating feeder bowl of the terminal at- 
tachment machine has a capacity of about 1000 
terminals. A chute leads each terminal to a stak- 
ing die that automatically attaches the terminal 
as the machine operator inserts a stripped wire 
into the terminal barrel. 
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MOLECULAR SIEVE system developed by Linde 
removes both dissolved and free moisture from 
jet fuel in storage or during transfer to a plane’s 
fuel tanks. The siéves, manufactured in the form 
of hard pellets about as large as a grain of rice, 
have highly unusual adsorbent properties. Within 
each pellet are literally billions of pores large 
enough to admit water molecules but small enough 
to keep out the fuel molecules. 

Tests by Armour Research Foundation show 
the water content is reduced practically to zero 
parts per million even for fuel flows measured in 
hundreds of gpm. Used pellets can be dried out 
by heating them, which drives out the water, and 
can be used over and over again for thousands 
of cycles. 


ABMA’‘s eight-rocket cluster two 
months ahead of schedule 


ABMA’s 1,500,000-Ib-thrust engine cluster may 
be flight-tested before November ’60. The Hunts- 
ville missile group is said to be at least two months 
ahead of schedule in setting up the eight-engine 
Juno V cluster, which will have eight Redstone 
tanks and one Jupiter tank. 


POLARIS-LAUNCHING sub fleet is being in- 
creased, since Polaris is at least one year ahead of 
schedule and early flight tests have been so suc- 
cessful. Official confirmation has also come of 
SPACE/AERONAUTICS earlier report that Polaris 
will be installed on surface ships. 


TWIN-DART executive and medium haul trans- 
port is being developed by Avro in England. The 
Avro 748 will carry 36-44 passengers and will be 
pressurized. First flight is scheduled for early 60. 


BRITISH Seacat short range surface-to-air missile 
will replace 40-mm AA guns aboard fleet ships. 
Short Bros. & Harland is producing the missile 
in quantity for the Royal Navy. Indications are 
that the British and other armies also want field 
versions of the Seacat. 


NEW NIMONIC 105 alloy developed in Britain 
from the  nickel-chromium-cobalt-molybdenum 
alloy Nimonic 100 reached production status. 
Creep resistance is very high. At 940 deg C and 
under about 15,000 psi stress, the life to rupture 
is on the order of 50 hours. Under the same con- 


‘ditions, Nimonic 100 is good for 30 hours and 


more on page 32 
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Phileas Fogg needed eighty days to see what the 
Explorer scans in minutes. Ex-Cell-O Corporation 
was not then in business to help speed his trip—it 
was 1923 that Ex-Cell-O started making aircraft 
parts to tolerances until then deemed impossible in 
production. 


Forty years of Ex-Cell-O experience in high-precision 
design and manufacturing have helped hurl the 
Explorer into the sky—have helped guarantee that 
Ex-Cell-O rocket and missile components embody the 


delicate strength essential in space. 


AND MISSILES 


the world in 80 minutes 


Twenty-four Ex-Cell-O facilities in the United States 
specialize in accuracy by the ounce or by the ton... 
for the future. 
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Nimonic 95 for only 15 hours. New Nimonic 
alloy is also more resistant than the others to 
corrosion set up by solid and molten sulphate 
contaminants. 


MASTER REFERENCE GYRO developed in 
England weighs 20 lb and measures 14x7x8%% 
in., including mounting frame, amplifiers, etc. 
S. G. Brown Ltd., of Watford, Herts., England, 
says vertical and azimuth gyros are mounted in 
tandem and in line with the fore-and-aft axis of 
the stabilized platform, so that the gyro wheel 
diameters could be made larger. 

The current Mark 2 MRG gyro has fully tran- 
sistorized amplifiers. Present temperature range is 
—55 to 90 deg C; plans are to raise the limit to 
110 deg C. Vertical accuracy is better than 0.2 
deg and random drift rates better than 0.25 
deg/hr. 


TEMPERATURE CONTROL of the Vanguard II 
during its first 18 days of orbital flight was held 
to within one degree of the design value of 110 
deg. F. Design calculations were based on the 


— satellite’s spending about 68 per cent of its time 


in sunlight. 


FEASIBILITY study of a_ one-million-pound- 
thrust solid propellant rocket is being sponsored 
by Aerojet-General. Company is investing $250,- 
000 in the study, which it considers a preliminary 
to developing rockets having up to 10 or 15 mil- 
ilon pounds thrust. Dr. Karl Klager, leader of 
the Propellant Development Division, will be in 
charge of producing the high energy propellants 
that will be needed to develop the million-pound 
thrust. 

The first million-pound motor is only a start. 
Aerojet says once the prototype is tested it could 
go on to develop within three years a solid rocket 
producing over a million pounds thrust for periods 


Latest gyro version may have 
inertial accuracy 


approaching two minutes. 


Solar radiation studied * 
by means of 
rocket’s ultraviolet photos | Se 


MARK 3 MRG is in the works. Agreement be- 
tween Brown and Arma has resulted in a design 
study shooting at accuracies suitable for inertial 
navigation. The Mark 3 version will use a pair of 


two-degree-of-freedom Arma-Brown gyros. 


e 

BRITISH TURBOPROPS continue to forge 
ahead. Bristol’s Proteus now has an Air Registra- 
tion Board approval overhaul life of 2000 hours. 
Rolls-Royce’s Dart R-Da-10 has completed a 
150-hour type test in accordance with combined 
U.S.-UK regulations at a dry takeoff rating of 
2660 ehp (2400 shp plus 670 Ib jet thrust). 


NEW TYPE of movable nozzle for improved 
steering control of Polaris missile has been tested 
successfully. Designed by the Systems Engineer- 
ing Division of Cleveland Pneumatics Industries, 
it is based on a concept advanced by scientists at 
the Johns Hopkins Applied Physics Lab. It is 
made wholly of molybdenum. 


VANGUARD II transmitter batteries operated 
about four days beyond their expected life 
of two weeks. Enough data have been recorded 
to make the cloud-cover experiment a success, 
but an undesirable wobble of the spiraling pay- 
load in orbit has made it unexpectedly difficult to 
interpret the data. It will probably take months 
‘to produce the first picture. The big problem is 
to precisely plot the exact extent of the satellite’s 
wobble, so that then the data can be plotted. 


ULTRAVIOLET pictures of the sun made by 
sending an Aerobee-Hi rocket to an altitude of 
123 miles may provide some clue to the effects 


of solar radiation on radio communications. Naval _ 


Research Lab developed a special 35-lb camera 
for the job. Instead of lenses, the camera uses 
grated mirrors to screen out all but the ultra- 
violet radiation, which is allowed to strike the 
film. 

A photocell stabilization device kept the camera 
aiming at the sun throughout the rocket’s trajec- 
tory. It took the first pictures ever made of the 
hydrogen gas clouds 4000-6000 miles above the 
surface of the sun. The clouds could never be 
photographed from the ground, since ultraviolet 
radiation is absorbed by the ionosphere 40-55 
miles above the surface of the earth. 


e 

LARGE-SCALE wind tunnel aircraft model built 
by Vertol for the Army combines deflected slip- 
stream and tilt-wing approaches to WTOL and 
STOL designs. Wind tunnel tests are expected to 
yield valuable data on wing and propeller effi- 
ciencies, control effectiveness, and aerodynamic 
loading. 

The model has a wing span of 35 ft, an overall 


more on page 34 
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‘ | ; The Navy’s new all-weather attack 
J weapon system packs a precision punch... 
for limited war, or all-out conflict 


| 
! 
| When North American’s A3J Vigilante joins the fleet, rier decks and short runways ashore. 
| the Navy will have its first supersonic carrier-based The A3J is a true weapon system. All electronic sys- 
_ attack weapon system. tems and auto-flight controls are integrated, and were 
ie Vigilante is so versatile it can strike the restricted designed to enable the A3J to carry out all-weather, all- 
| targets of limited warfare with extreme accuracy in any attitude weapon delivery. Its precision bombing-naviga- 
| kind of weather—or deliver a knockout blow in all-out tion system—outstanding in tactical efficiency—is the 
| conflict. It can handle almost any kind of armament, result of a coordinated effort by North American’s 
including nuclear weapons, at extended strike ranges, Columbus and Autonetics Divisions. 
| high or low level. In performance, it’s on a par with the Most important—the A3J has men: a pilot and a bom- 
| fastest, highest-flying airplanes in the world today—yet bardier-navigator. For only men can respond to the un- 
it also operates with superior efficiency for low-altitude, expected. Only men can make decisions and report re- 
| long-range missions. Advanced boundary-layer control sults. Only men can think. That is why, now and in the 
| and full-span movable leading edge give the A3J good future, we must have manned weapon systems like the 


low-speed handling qualities for safe landings on car- A3J Vigilante to keep our defense in balance. 


1 


| North American’s new T2J is more than just a rugged, 
| reliable, safe, easy-to-service jet trainer. It is an airplane 

specifically designed to meet the high standards set by the. 
| Navy for training carrier pilots. Top speed is 424 knots ; 
_ stall speed is under 75. Engine can be removed in 7 min- 
_ utes, replaced in 20. The T2J was designed, engineered, test- 
ed—and is now being produced — at the Columbus Division. 


THE COLUMBUS DIVISION OF NORTH AMERICAN AVIATION, INC. 


[n\n A\ 


Columbus, Ohio 
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length of 27 ft, and a gross weight of about 
14,000 1b. Its 16-ft horizontal stabilizer can be 
mounted in three positions: on the fuselage, at 
the top of the fin, or in between the two. 


VERTOL’S MODEL has a high tiltable wing and 
two single-slotted flaps for deflecting the slip- 
stream from six props. These: are driven by a 
1000-hp, variable-frequency electric motor mount- 
ed in the fuselage. Wing tip panels are detachable 
so that the model can be tested with four props 
at’ reduced wing span. 


Vanguard | data 
are used to correct errors 
of one mile on maps 


FIRST YEAR’S accumulation of Vanguard I 
satellite data is being used to correct map errors. 
Some land areas as much as a mile out of position 
on the maps are being relocated with an accuracy 
of about 250 ft. 

One radio transmitter aboard the satellite is 
still sending out signals. Powered by solar bat- 
teries, it should last indefinitely. Estimates of the 
satellite’s expected life range from 200 to 1000 
years. 


e 
MERCURY dummy models weighing two tons 
are being used in recovery and emergency Jaunch- 
ing escape experiments. In early tests, full-scale 
dummy capsules jettisoned from a plane into the 
ocean have been recovered intact. 

Next step is to see how capsules withstand 
impacts on solid ground. Preliminary experiments 
have dealt mainly with the use of different mate- 
rials—with crushable honeycomb structures of 
corrugated plastic and aluminum and with fibrous 
cellulose materials. Small-scale models are being 
dropped on hard surfaces from all impact angles 
to find the most vulnerable contact conditions. 


NUCLEAR engineering test facility at WADC 
should be in operation by early 61. It will be 
operated as a central service facility on a priority 
basis for the 11 WADC labs, other ARDC cen- 
ters, AEC, and DOD agencies, and special con- 
tractors working on nuclear projects. 
Experimental program for the NETF ranges 
from large-volume radiation effects testing to 
fundamental research. This will include radiation 
effects studies and testing under simulated nuclear 
service operation conditions, development of ma- 
terials and systems with improved radiation re- 


space/aero onciecring intelligence 


sistance, shielding design, studies, airborne reactor 
instrumentation and control component and sys- 
tem studies, development of handling and servic- 


ing techniques, production of tracer radioisotopes 


for WADC~-use, and radioactivation analytical 
techniques. 


NEW CONCEPT for man-seat separation in air- 
craft emérgency escape systems was proved out 
by Talco Engineering, of Mesa, Ariz. Key to the 
system is an automatically operated, ballistic 
rotary actuator energized by a solid propellant. 
The actuator is mounted behind the pilot at the 
top of the aircraft seat. A strap attached at one 
end to a reel in the actuator and at the other end 
to the front of the seat fits snugly behind and 
under the pilot. 

When the seat and pilot are ejected, the solid 
propellant is ignited. The gases rotate the wheel 
to quickly wind in the reel and stretch the strap 
taut. Result is the pilot is “kicked” away from 
the seat. 


Aircraft periscope to give a 
normal field of. vision 


ONE-INCH-HIGH periscope for supersonic 
planes has been developed by American Optical, 
of Southbridge, Mass. It is designed to replace 
conventional windshields. Built: with cylindrical 
lenses rather than the conventional spherical ones, 
it gives the pilot a natural, normal-size view of 
what is in front of him. 
6 


AUSTENITE in high strength steels is believed to 
lower the fatigue strength. Experiments conducted 
by the Bureau of Standards in cooperation with 
the University of Maryland show that retained 
austenite, in increasing amounts up to 10 per 
cent, lowers fatigue strength. Tests also demon- 
strated that fatigue stressing transforms retained 
austenite to untempered martensite, which prob- 
ably accounts for the deleterious effect. 

Test specimens were made of four low-alloy 
steels whose carbon contents ranged from 0.44 to 
1.06 per cent. For each steel, the fatigue strength 
decreased as the amount of retained austenite in- 
creased. But for the three higher-carbon steels 
there appeared to be a limiting value of about 10 
per cent beyond which the strength did not change. 
Specimens refrigerated before tempering were 
also observed to have greater fatigue strength 
than unrefrigerated ones. Contrary to results of 


other studies, no significant difference in fatigue 


strength was caused by an interrupted quench. 
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ESNA has serviced 
the special fastening 
problems of the 
aircraft industry 


About the only point of similarity between 
the Curtiss-Condor bomber and the Atlas is 
the job both were designed to do. The inter- 
continental Atlas typifies the design progress 
of the aircraft industry in a short span of years. 

The ever increasing speeds demanded for 
new missiles and aircraft have called for con- 
stant changes in fasteners—making them 
smaller, lighter and stronger—all at the same 
time. The result of ESNA’s 28 years of serving 
the changing needs of the aircraft industry is 
the largest and most varied line of self-locking 
fasteners available from-any source. ESNA is 
ready to continue to match fastener progress 
to aircraft and missile progress—making new 
Elastic Stop nuts to meet new requirements. 

Complete design details of ESNA’s line of 
aircraft fasteners are yours for the asking. 
Write to Department 427-550. 


The Atlas is built by the Convair Division of General Dynamics Corporation. 


ELASTIC STOP NUT 
CORPORATION OF AMERICA 


2330 Vauxhall Road, Union, New Jersey 


- 


In 1931, the pioneers of the aviation industry were designing the first metal airplanes. One of the major 
assembly problems was the need for a safe, blind type of fastener which would permit assembly and dis- 
assembly of sections from the outer side. ESNA created a special’ part. . . the first two lug anchor nut. 


As increasing emphasis was placed on weight savings ESNA “shaved” dimensions and created the first 
lightweight two lug design (LA1) in 1944... which has now evolved into today’s standard NAS680. The 
continuing special requirements of the aircraft industry have resulted in many modifications of that 


first two lug design - . . such as those illustrated below . . . all available from ESNA. 


NAS680 Miniature Beveled Sides Deep Ctsk. Floater Deep Ctbore. Self-Aligning 
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From single unit to a major sys- 
tem... EMCOR human engineer- 
ing is incorporated in the Modu- 
lar design of all cabinets. Shown 
above is the popular Low Silhou- 
ette Cabinet... just one of the 
complete EMCOR Standard Line. 


630 CONGDON, DEP 


*Registered Trademark of Elgin Metalformers Corporation 


Operators manipulate tests and record data 
on supersonic high altitude and space project 
vehicles under design and development at 
the new Chance Vought Aircraft, Incorporated 
high speed wind tunnel, Dallas, Texas. Stand- 
ard cabinets of the EMCOR MODULAR EN- 
CLOSURE SYSTEM house the nerve center of 
the high speed wind tunnel. EMCOR Standard 
Cabinets with their exclusive combination of 
patented custom quality features eliminate 
costly design time guesswork. The flexibility 
and versatility of EMCOR Cabinets are proving 
themselves daily in major control center ap- 
plications. Let EMCOR Engineering Know-How 
answer your housing problem. 


WRITE FOR YOUR COPY OF CATALOG 106 


Originators of the Modular Enclosure System 


IN ALFORMER CcOl 


T. 1228 © ELGIN, ILLINOIS 
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May 3-7— Symposium on Electrode 
Processes, AFOSR/Chem. Div. & 
Electromechanical Society (for data, 
Electromechanical Society, Inc., 
1860. Broadway, New York), Phila- 
delphia, Pa. 


May 4-6 — National Aeronaut.cal 
Electronic Conference, Institute of 
Radio Engineers, Biltmore Hotel, 
Dayton, Ohio. 


May .4-6—Fifth Annual Flight Test 
Instrumentation Symposium, Instru- 
ment Society of America, Seattle 
Section, Olympic Hotel, Seattle, 
Wash. 


May 6-8—1959 Electronic Compo- 
nents Conference, Benjamin Franklin 
Hotel, Philadelphia, Pa. 


May 11-13—National Power Instru- 
mentation Symposium, ISA, Kansas 
City, Mo. 


May 11-15—‘‘Medical and Human 
Engineering Aspects of Flights,” 
Aeromedical Panel and Flight Test 
Techniques and _ Instrumentation 
Panel, AGARD, Athens, Greece. 


May 12-14—Production Engineering 
Division Conference, American Soci- 
ety of Mechanical Engineers, Statler- 
Hilton Hotel, Detroit; Mich. 


May 15-16—Spring Meeting, Society 
of Aircraft Materials and Process 


Engineers, Eastern’ Div., Hotel 
Statler, New York, N. Y. 
May 18-20—Fifth National Sym- 


posium on Instrumental Methods of 
Analysis, ISA, Shamrock-Hilton, 
Houston, Texas. 


May 18-21—18th Annual National 
Conference, Society of Aeronautical 
Weight Engineers, Hotel Henry 
Grady, Atlanta, Ga. 
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“May 20-22—Second Jet Age Airport 
'Conference, American Society of 
Civil Engineers, Shamrock-Hilton, 
Hotel, Houston, Texas. 


May 20-22—National Spring Meet- 
ing & Exhibition, Society for Experi- 
| mental Stress Analysis, Sheraton 
Park Hotel, Washington, D. C. 


May 21-22 — 1959 Ohio Valley 
| Instrument and Automation Exhibit 
and Symposium, Cincinnati Section, 
ISA, Music Hall, Cincinnati, Ohio. 


+ ai 
{ \ 


‘ 


a 
May 24-June 5 — Federation Aéro- 
-nautique Internationale, Annual 


| Meeting, Moscow, USSR. 


io 
bi 


ay 

“May 25-27 — 1959 National Tele- 
metering Conference on Investiga- 
tion of Space, American Rocket 
Society, Institute of the Aeronautical 
Sciences, American Institute of Elec- 
trical Engineers, ISA, Brown Palace 
and Cosmopolitan Hotel, Denver, 
| Colo. = 


F 


“May 25-28 — Design Engineering 
Conference, ASME, Philadelphia Con- 
_vention Hall, Philadelphia, Pa. 


"May 26-28 — Supersonic Transport 
Meeting, San Diego Section, ISA, 
“San Diego, Calif. — SS 


June 1-3—IRE Professional Group 
‘on 1959 PGMTT National Sympos- 
ium, Paine Hall, Harvard U., Cam- 
bridge, Mass. 


June 8-9 — Industry Missile and 
‘Space Conference, Aero Club of 
Michigan, Sheraton-Cadillac Hotel, 
Detroit, Michigan. 


June 8-11 — Semi-Annual Meeting 
and Astronautical Exhibition, ARS, 
El Cortez Hotel, San Diego, Calif. 


} 


June 8-12—''Chemistry of Propel- 
lents,’”” Combustion and Propulsion 
/Panel, AGARD, Paris, France. 
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CABLE TENSION REGULATORS 


fly with the X-15 into space 


GLIDE LANDING 
EDWARDS AAFB 


CONTROL 
Regulator 


PITCH and ROLL 
CONTROL 
Regulator 


PITCH and ROLL 
CONTROL 
Regulator 


SPEED BRAKE 
CONTROL 
Regulator 


REACTION 
CONTROL 
Regulator 


FUEL VALVE 
CONTROL Regulator 


RE-ENTRY HEATING 


Se 
LAUNCH 


WENDOVER AAFB 


HYPERSONIC SPEEDS THAT CAUSE SURFACE HEATS 
IN EXCESS OF 1000°F. IN SECONDS... 

AND LOX TEMPERATURES THAT DROP METALS 

TO LOWS OF —300°F. CREATE A SERIES 

OF DIFFERENTIAL EXPANSION PROBLEMS 

ON THE CABLE CONTROL SYSTEMS 

OF NORTH AMERICAN’S X-15! 


To solve this problem six Pacific cable tension 
regulators were installed on the Speed’ brake, 
Reaction, Fuel select, Pitch, Roll and Yaw control 
systems. 


These mechanical devices automatically and 
positively compensate for variations in the cable 
systems—as swiftly as changes occur. All control 
cables are kept at an even tension insuring con- 
stant control response. 


Pacific regulators also permit rigging cables at a 
lower load, thus increasing control sensitivity. 
They are self-contained mechanical devices with 
a high degree reliability—and without depend- 
ence upon any external power source. 


Pacific regulators are capable of instant com- 
pensation for thermal or mechanical variations. 


For further information on Cable Control Sys- 
tems— write Pacific Scientific today! 


PACIFIC SCIENTIFIC COMPANY 
P. 0. Box 22019, Los Angeles 22, Calif. 


SAN DIEGO 
SAN FRANCISCO 


SEATTLE 


PORTLAND, ORE. 


ARLINGTON, TEX. 


REPRESENTATIVES: 
In the Eastern U. S.: 

AERO ENGINEERING CO., Mineola, L.1., N.Y. 
In Canada: 

THE GARRETT MANUFACTURING CORP. 
Toronto, Ontario 


In Europe: 
TELEFLEX PROD. LTD., England 


Write in No. 395 on Reader Service Card at start of Product Preview Section 


37 


Technical Management 


Should we go to the metric system? 


Many engineers and scientists want to drop theinch- 
pound system. Others want to keep it. Here’s a 
chance for you to let us know which system you want. 


by Randolph Hawthorne, Fditor 


S trone and mostly favorable response has been 
given to our editorials on the metric system ys the 
English one in the space/aero industry. If letters from 
our readers are a true reflection of their problems, then 
something should be done. SPAcE/ AERONAUTICS plans 
to do something. On the opposite page is a question- 
naire designed to be a key factor in our plans. Every- 
one who wants the metric system of weights and 
measures in place of the customary English system is 
urged to fill out the questionnaire. 

But, just as important, everyone who doesn’t want 
any change in the present situation of legalized metric 
and customary, but never legalized, English system, 
also is urged to answer all questions. 

On the basis of your replies, the editors of SpAcE/ 
AERONAUTICS will take appropriate action in co-opera- 
tion with interested technical societies. 


No such thing as “standard”’ inch 


Right now, there is no standard “inch” among the 
countries using the English system. According to Dr. 
A. V. Astin, National Bureau of Standards director, 
“Fach of three major English-speaking and inch-using 
countries—the U.S., the United Kingdom, and Cana- 
da—has a different inch. The differences between. these 
inches are such that a precise reference standard, such 
as an end standard or gage block, calbirated according 
to the standards of one of these nations, will probably 
fail to meet the tolerances in the other two.” 

“These differences,’ Dr. Astin went on, “resulted in 
some confusion and inefficiencies during World War II. 
With the continual need for and trend to increased 
precision in the years ahead, these differences, unless 
resolved, will become increasingly important obstacles 
in the future exchange and mutual use of precision 
instruments and components.” 

As a result of this situation, new international inch 
and pound standards have been agreed upon. They 
will go into effect July 1, 1959. The new inch will equal 
25.4 millimeters, instead of the present NBS inch, which 
is equal to 25.4000508 mm. The new pound will equal 


Aste, 


0.45359237 kilogram as compared with the present 
pound of 0.4535924277 kg. 

The new “international” standard will resolve some 
of the difficulties of the inch-pound countries. But the 
thorniest problem stems from the fact that inch and 
pound must be calibrated to metric measurements. For 
the metric is the legal system. 

Tedious, error-producing conversions between the 
two systems are the result. This has been pointed out by 
our readers. 

Arguments in favcr of changing over wholly to the 
metric system are: 

© Convenience—Scales are readily available with 
decimal divisions; only decimal point changes are 
needed between large and small units; metric values are 
understood by all scientists; the metzic system is faster 
in use. 

© Accuracy—Conversion factors are eliminated, 
which now are a source of possible errors in every’ 
engineering calculation that requires them. 

e Time and Labor—These will be reduced by using 
the metric system exclusively from the lab through 
design and production. Feedback of data from test 
vehicles, also in metric units, will be easily applied. 

© Communication—Interchange between present 
inch-pound countries and metric nations will be ac- 
cording to a universal standard. 


Change should be made gradually 


If a changeover to the metric system is recommended, 
we believe the change should be gradual. One reader 
has recommended that the start be made in space 
technology. He pointed out that magnitudes are not 
firmly established in our minds in this area. Their 
meanings, therefore, are so different from those we 
are familiar with that comparison doesn’t mean much. 

But, whether we change to metric or not, the answer 
is partly up to you. If you believe we should change, 
fill out the questionnaire. If you don’t want a change, 
fill it out. We need more than opinion to go to bat 
for you.— End 
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T us SURVEY is to find out how you—who 
work in the technologies concerned—regard the 
present system of weights and measures prevailing 
in industry. Do you want it changed, or do you want 
it the way it is? 

To get the answers that will enable SPACE/AERO- 
NAUTICS to coordinate with your professional so- 
cieties, and to approach Congress with documented 
evidence of the requirements of your profession, we 


I: System in Use 


(1) Do you use metric units in your work 
exclusively? Yes [] No [] 


(2) Do you use metric and English-system units 
in your work? Yes [] No [] 


(3) Do you use English-system units in your 
work exclusively? Yes i No--E] 


Il: English-Metric Conversions 


(1) How many manhours do you estimate you 
devote to conversions from one system to 
another in your work per month? 


Number Or-fOurs) ww ee ee 


(2) Many readers have said that conversions 
introduce errors into computations. Do 
you agree this is possible? Yes [] No () 


(3) If “tyes”, would you say the accuracy of 
computations would be improved by using 
the metric system only? Yes (] No (} 


SURVEY: THE METRIC SYSTEM 


ask that you fill out this questionnaire as completely 
as possible. It should take no more than five 
minutes. An important factor will be your estimate 
of the manhours used in making conversions from 
English to metric measurements, or vice versa, in 
your engineering calculations. 

Please mail the completed questionnaire to 
Space/Aeronautics, 205 E. 42nd St., New York 
17, N.Y. 


Ill: Recommendations 


(1) Do you recommend using the metric sys- 
tem exclusively throughout the space/- 
aero industry 


(a) Immediately [] (b) Gradually [| 
(c) Starting in space technology areas 


only [] () 
Other (specify )ic ian > shee Se ee 


(2) Do you recommend no change at all that 
would substitute the metric system for the 
English? [] 


IV: Technical Areas of Activity 

(1) What is your field of professional activity? 
[| Basic research {| Production 
(_] Applied research [.] Test 
(_] Development [_] Theoretical analysis 
(] Design [_] Procurement 


(-] Technical Administration 


(2) Technical Society Membership: 
[] IAS F] ARS [] SAE [] ASME [J IRE 
fy ISA: Fe Other: (specity):*:. .) 6 ck on 


@ompany orProfession Affiliation: ... 1.6... 66. ee ee a ee te 
SI i oes em oa ee a ela) cee ee 
NI yack cies ee OnE yt oe Bower nytt ee ee 
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TO FIND OUT about Navy programs for the coming 
decade, Space/Aeronautics interviewed (I. to r.) Rear 
Adm. K. S. Masterson, Director of Guided Missiles; Vice 


Adm. R. B. Pirie, Deputy Chief of Naval Operations for 
Air; Rear Adm. J. E. Dodson, BuAer’s Assistant Chief 
for Procurement; and other Navy brass. 


Navy plans for the sixties 


@ More versatile missiles 


@ Low level attack planes 


e@ Tighter contracting procedures 


by Robert M. Loebelson, Associate Editor 


Tue NAVY BELIEVES it has one of the most im- 
portant defense jobs in this era of ballistic blackmail. 
It is certain the U.S. could not win any future conflict 
without full-scale participation by Naval aircraft and 
missiles. i 

Some of the reasons why the Navy feels this way 
were given to SPACE/AERONAUTICS by Vice Adm. 
Robert B. Pirie, Deputy Chief of Naval Operations for 
Air; Rear Adm. Kleber S. Masterson, Director of 
Guided Missiles; and Rear Adm. J. E. Dodson, BuAer’s 
Assistant Chief for Procurement. This is what they re- 
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ported in a rundown of Navy planning for the next 
decade: 

e Air-Launched Ballistic Missilee—The Navy has 
concluded it needs no air-to-surface missiles in the 
500-1000-mile range. However, it will require a stand- 
off weapon like the Temco Corvus, which would be 
air-launched about 150 miles from the target. The 


‘ Navy’s prime interest is in missiles to attack enemy 


ships or coastlines. 

e Surface- and Subsurface-Launched IRBMs—There 
is a definite requirement for solid propellant IRBMs to 
be launched from surface ships. These would be rela- 
tively minor conversions of the Lockheed Polaris, which 
will ‘be fired from atomic submarines. If the case is 
proved for sea-borne deterrence, it follows that surface 
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ships would be almost as effective as subs, because 
the submarine’s only advantage over the surface ship 
is concealment. Many existing Navy surface ships 
would be modified to fire Polaris-type IRBMs. 

The atomic-powered Polaris subs will be equipped 
with the latest defensive devices. Among these will be 
the Goodyear Subroc underwater-to-air-to-underwater 
missile. 

e Talos as Anti-Missile—While the Talos was once 
considered suitable for development into an anti-ICBM, 
it is now believed the fire control equipment would be 
too bulky. However, advanced versions of the Talos 
will be suitable for use to defend ships against stand- 
off missiles and perhaps even air-launched ballistic 
missiles, The Navy considers its best defense against 
enemy ballistic missiles to be the twin policy of “keep 
the ships moving” and “get the enemy before he gets 
close enough to do damage.” 

e Decoy Missiles—The Navy has an active interest 


‘in and increasing requirements for decoy missiles. 


e Use of USAF Missiles—Several Navy missiles have 
been taken over by the Air Force, but no USAF missiles 
are being acquired for Navy use. The reason lies in 
the Navy’s special environmental problems (such as 
more stringent safety requirements aboard ship). But 
this does not mean that Navy would never use AF 
missiles—each service studies the other’s missiles all 
the time for possible adaptation. 

e Mach 3 Aircraft—There is a good deal of doubt 
as to whether the Navy will ever require this type of 
aircraft. In air defense, a relatively slow airplane in the 
Mach 1-+ category can do the job by firing a high per- 
formance missile, such as the Bendix Eagle. 


Low-level attack favored for planes 


The present generation of all-weather fighters is about 
as far as the Navy plans to go. For attack purposes, 
a plane’s best chance of reaching the target, as the 
Navy sees it, is at low levels—and Mach 3 speeds 
are not needed for that, either. 

e Water-Based Aircraft—The Navy has not lost 
interest in seaplanes for anti-sub work. For attack 
purposes, however, it has concluded that the Polaris is 
a better weapon than the Martin P6M SeaMaster. The 
forthcoming P6M squadron will be used to determine 
the operational problems of large seaplanes. 

‘For anti-sub warfare, the Navy is undertaking a 
design study of a piston engine or turboprop seaplane. 
High speeds are not required for anti-sub patrols. 

e Nuclear Aircraft—The Navy has long advocated 
that the U.S. get a nuclear plane flying so that we can 
learn everything possible about the problem. The 
Navy’s uses for such an airplane would be in the early 
warning, anti-sub patrol, and reconnaissance. At the 
present state of the art, nuclear aircraft would not 
be economical for these jobs. 

The Navy would like to acquire the British Saro 
Princess flying boat as a test vehicle and install nuclear 
engines in it. But it does not have enough funds of its 
own for this program and is therefore seeking Defense 
Department support. 

e Freighters and Trainers—The Navy is pretty well 

: more on next page 
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POLARIS IRBM, slated for installation in subs, eventually 
will also be fired by a wide variety of surface ships, the 
Navy expects. 


TALOS surface-to-air missile will be used against stand- 
off missiles and maybe even against air-launched ballistic 
missiles once its development is further advanced, the 
Navy hopes. In this role it would serve to defend our 
ships. Former hopes of developing the Talos into an anti- 
ICBM missile have been given up by now. 


4] 


MARTIN P6M SEAMASTER—shown here with its beaching 
vehicle—has been scrapped as an offensive weapon in 
favor of the Polaris IRBM. However, this doesn’t mean 
the Navy has lost interest in seaplane development.) It 
will use the limited number of SeaMasters it has ordered 
to study the operational problems of large aircraft of 
this type. 


BRITAIN’S Saunders-Roe Princess flying boat has _at- 
tracted the Navy’s interest as a possible testbed for 
nuclear engines. The Navy, which has long advocated 
the development of nuclear flight in the U. S., claims 
it would have a variety of uses for an atomic plane. It 
also claims it doesn’t have the money for a development 
program of its own (which would include the purchase 
of a Princess), therefore is seeking Defense Dept. support. 
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out of the logistic aircraft business. On the other hand, 
it is definitely interested in smaller jets as navigation 
trainers. It may therefore buy aircraft of the Lockheed 
JetStar, NAA Sabreliner, and McDonnell 119 type. 

e Engine Development—In spite of appearances, the 
Navy and Air Force have never had an agreement 
covering sponsorship of turboprops and turbojets. Both 
services will continue to develop engine types they 
require and will make the results available for use by 
the other service. Even though several new turbojets 
bear Navy numbers (P&W’s J52, J58, and J60), they 
are designed for Army and Air Force applications at 
present. 

e Active Aircraft—The Navy expects to have only 
7200 operational aircraft by the end of fiscal 1970—a 
sharp drop from the nearly 10,000 active aircraft only 
two or three years ago. An. additional 2000 planes will 
be in the Navy inventory by June 30, 1960. However, 
the sums being requested from Congress do not cover 
enough replacements to maintain the 7200 level. The 
number of aircraft the Navy will operate after 1960 
will depend in large part on Congress. 

e Space Activities—The military uses of space flight 
are still somewhat obscure, the Navy believes. The 
Army and Air Force have or are developing vehicles 
that the Navy would use if we have space requirements 
unfilled by the other services. If the Navy should find 
it would need special engines to get into space, it 
would have to fight for funds to develop them. 

e Industrial Teams—The growing complexity of 
weapon systems will call for wider use of the team- 
bidding approach and greater emphasis on the weapon 
system concept. The Navy has no plans to abandon 
completely the policy of developing some missiles 
within its Bureaus, but it will also place more reliance 
on industry talent. 

e Relations with Contractors—Although many tradi- 
tional Navy suppliers have been hurt as a result of 
recent contract cancellations, the Navy plans no direct 
action to insure their survival. However, the Navy 
would like to see all of these companies pick up enough 
sub-contracts to continue in business. There is no 
program to make certain that a company that lost out 
on one competition comes out on top in the next one. 

e Airframe vs Electronics Firms—Al\though elec- 
tronics will account for a greater percentage of the 
dollars in future weapon systems, the amount of Navy 
dollars going to airframe contractors in the future will 
not drop. This is because many of the old-line com- 
panies have diversified and also because the aircraft © 
industry has the management know-how. Electronics 
firms (with a few exceptions) have not yet acquired 
this management know-how, the Navy believes. Never- 
theless, many prime contracts are going and will con- 
tinue to go to electronics organizations. 

e Changes in Contracting—The Navy must sharpen 
up its contracting techniques, especially in view of the 
cost of new weapon systems and their limited produc- 
tion runs. In general, the Navy will rely on contracts 
similar to the ones now being signed but will try to 
make its contracting officers more knowledgeable. 

One new contract type being tried in an effort to 
hold down costs while getting better weapons is a 
cost-plus-percentage agreement. Under this contract 
the producer’s incentive return depends a third on 
how well he keeps the price down, a third on how well 
the airplane performs, and one third on how well 
the systems within the plane operate.—End 


SPACE/ AERONAUTICS | 


i 


if 


| 


| 


ia 


» 


* 


t 


~ 


1, 


4 
| 

} 

| 


Time dilation in 


space travel 


Space/Aero Engineering 


Dynamics 


or, How to stay young (relatively, that is) 


We know that manned interplanetary travel 
will soon be feasible—certainly within our 
lifetime. And it’s not unreasonable to ex- 
pect that after that we will be able to 
develop the equipment we would need for 
interstellar travel (though it may take a 
very long time). But there’s another ques- 
tion to be answered before man can take 
off for Alpha Centauri, for instance, and 
that one involves the most intriguing of 
all the puzzles of space flight: the applica- 
tion of Einstein’s theory of relativity. 


by Kurt R. Stehling 


Contributing Technical Editor 


E LecrroMAGNETIC or light waves take about 
four years to coyer the distance between the earth and 
Alpha Centauri, one of our near stars. So even for a 
space ship traveling at the speed of light—i.e., about 
186,000 mps—the trip to Alpha Centauri and back 
would be a long one. J 

Now it is quite unlikely that any space ship will ever 
travel at the speed of light—for one thing, there is the 
question of the infinite propulsive energy that would be 
needed for that kind of speed and for another there is the 
question of what would happen if a craft barreling 
(). Weare assuming, of course, that man will have decided that 


getting to Alpha Centauri is worth all the immense trouble it will in- 
yolye even under the best of circumstances. 


May 1959 


along at 186,000 mps collided with even a small stone 
in the garbage-cluttered vastness of space. It’s obvious 
that travel to Alpha Centauri would not have to be 
measured in years but rather in centuries, even for a 
vehicle traveling at a dizzying 5000 mps. 

Apparently, then, interstellar exploration involves an 
almost unimaginable closed ecological cycle stretching 
over many generations. The space pioneer leaving the 
earth for Alpha Centauri wouldn’t have’ the slightest 
chance of ever reaching his goal. That he would have 
to leave to his descendants of the third or fourth gen- 
eration (all born aboard the spacecraft). And it would 
be only the descendants in turn of these actual explorers 
who would return to earth to report on what their 
ancestors found on Alpha Centauri. 

You would think that, as soon as the first space 
enthusiast wondering about interstellar travel had come 
up against this centuries-long ecological cycle, all talk 
about getting to Alpha Centauri would have stopped 
right away. It didn’t. There are many enthusiasts 
who staunchly maintain that interstellar travel is not 
unimaginable. 


Classical concepts do not apply 


They point out that the need for the ecological cycle 
we have described is derived from the classical con- 
cepts of space and time. And these concepts, they claim, 
do not apply. What does apply—and makes the whole 
business much “simpler”—is some theorems about rela- 
tivity formulated by Albert Einstein over half a century 
ago. 

Einstein’s restricted theory of relativity included a 
theorem dealing with “the behavior of measuring rods 
and clocks in motion.” Seemingly insignificant in 1905, 

more on nexf page 
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Special Theory 


Postulate I: The absolute velocity, or steady (unaccel- 
erated) motion, of a system in free space cannot be de- 
tected or measured. 


Postulate Ii: The velocity of light in free space is the 
same for all observers independent of the velocity of the 
observer and of the light source. 

These postulates, taken together with Einstein’s defini- 
tion of the simultaneity of two events at different points in 
space, yield the following differential form of the trans- 
formation of two rectangular coordinate systems S(x, 
y, z, t) and S’(x’, y’, z’, t'), assuming the origin of S’ 
moves at a constant velocity (V) along the x-axis: 

dx’ = (dx — Vdt)/./1 — V?/c?, 
dx = (dx! + Vdt')//1 — V2/c2, 
dt’ = (dt — Vdx/c2)/\/1 — V2/c2, 
dt = (dt’ — Vdx'/c2)/\/1 — V2/c2, 
where c is the velocity of light, or about 186,000 mps; 
dx and dt represent the differences in x-position and 
time, respectively, of a given pair of adjacent events as 
measured in S; and dx’ and dt’ represent the corresponding 
differences in S$’. 

Time Dilation: An interval of time dt’, measured by a 
single clock in-S’, between two events occurring at the 
same point of S’ (so that dx’ = 0) will be measured by 
an observer in § as: 

dt = dt'//1 — V2/e2, 


Similarly, a time interval dt measured in S between 
two events at the same point of S (so that dx = 0) will 
be measured by an observer in S’ as: 


dt’ = dt//1 — V2/c?. 


In both cases the ciock in the observer’s frame of ref- 
erence is going faster than the clock moving past him at 


V by a factor 1/\/1 —_V2/c2. If the observer were 


watching a one-second ticking clock moving at V, he 
would note that, according to his clock, stationary with 
respect to the first clock, the time elapsed between two 
ticks of the moving clock is not one second but one 


second times 1/\/1 — V?/c?. 


The time interval produced by 1/\/1 — V2/c? is only 
slight for low values of V (say, below 0.8c). However, it 
becomes quite large as V approaches c, and it is infinite 
for V = c! So a space traveler moving at the speed of 
light would have an infinite life time — in other words, 
he’d be immortal. 


A parallel effect would be the physical shrinkage a 
“stationary’’ observer would note in a measuring rod 
moving past him at V (assuming the rod is pointed in 
the direction of motion). The ‘“‘shrinkage’’ factor in this 
case is \/1 — V2/c?. At V = c, a space traveler would 
shrink to nothing —- as is suitable for an immortal, to 
the earth-bound observer he would have no_ physical 
existence. 


General Theory 


The general theory of relativity takes account of gravi- 
tation and acceleration, which are neglected by the special 
theory. These two phenomena to some extent modify 
the time dilation effect, or clock paradox, leading to the 
conclusion: 


“Clocks at a higher gravitational potential (than a cam- 


parison clock) will be observed to go faster (than the 
comparison clock)’’. 


In other words, a clock in free space and therefore’ 


moving uniformly would keep slower time than an ac- 
celerating clock, such as a clock on earth affected by 
the acceleration of gravity. 


a ermmammnmnnrnmen 


this little theorem over the last few years has become 
the basis for several interesting mathematical exercises 
showing that time changes are different for observers 
on a moving body and observers on a body at rest. 


Einstein used Lorentz postulates 


Einstein’s theorem brought together several postulates 
formulated by the Dutch physicist H. A. Lorentz (see 
Box). Transcending the classical mechanics of Galileo 
and Newton, these described two intriguing effects: 

e The apparent length of a rigid body moving at a 
uniform velocity with respect to a fixed system is re- 
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duced in the direction of motion (in the so-called 
Fitzgerald contraction). 

e A moving “clock” keeps slower “time” than a 
“clock” that is stationary, or fixed with respect to the 
moving “clock”. Therefore, “time” passes more slowly 
for an observer on a moving vehicle than for one in a 
stationary system. 

The application of Lorentz’ time change, or time 
“dilation”,2 has been discussed in a number of recent 
scientific papers and articles. The basic question of this 
discussion was and still is How “real” is the time 


(2), Many physicists of polysyllabic tendencies use “dilatation” in- 
stead of “dilation”. For all practical purposes, the two words are in- 
terchangeable. 
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dilation? This problem perhaps was made clearest in a 
lengthy dispute carried on in the pages of Nature, an 
English magazine. W. M. McCrea, a scientist at the 
University of California at Berkeley, published an article 


/ showing mathematically that time dilation is not just a 


mental exercise but indeed a real thing and overcomes 
the problem of the time lapse of interstellar travel. 
McCrea claimed that Hinstein’s theories “proved” that 
time would “shrink” (relatively) for an interstellar 
traveler—while the folks back home on earth would 
sense centuries of time lapse, the traveler to a near star, 
such as Alpha Centauri, if he moved at nearly the speed 
of light, would sense only a few decades.? 


“Triumph of magic over reason’”’ 


McCrea’s claims were spiritedly attacked by Herbert 
Dingle, a scientist and philosopher at the University of 
London, who denounced them as “dangerous” and “a 
triumph of magic over reason.” According to Dingle, 
McCrea’s interpretation of the Fitzgerald contraction 
and the clock retardation effect was hopelessly wrong. 
“Physicists should not have been misled by such words 
as ‘contraction’ and ‘retardation’ into supposing that 
the objects said to experience these effects suffer 
changes analogous to those produced by low tempera- 
ture or by lengthening a pendulum,” he explained. 

It must be said that Dingle used mainly rhetoric and 
polemic to advance his argument. McCrea, on the other 
hand, could point out that he had proved quite rigor- 
ously—at least on paper—that time dilation is real in 
the full sense of the word. 


Einstein offered no clear proof 


Most scientists who have wrestled with the problem 
of time dilation in space travel near the speed of light 
appear to agree basically with McCrea rather than 
Dingle. That nevertheless the matter is far from being 
settled is not surprising—the theory of relativity is a 
rather philosophical piece of mathematics, and espe- 
cially its concept of time is hard to take except as an 
unprovable mathematical exercise. 

We must remember that Einstein. “merely” stated and 
explained the apparent paradox of time dilation.* He 
did not offer any rigorous proof—certainly none that 
could be verified in the lab or by astrophysical meas- 
urements. 


Time dilation may soon be verified 


However, this situation may very well change quite 
soon. For we have recently had some faint indications 
of how the time dilation effect might be verified. 

For some years, mesons passing through the upper 


‘part of the earth’s atmosphere have been measured for 


their kinetic energy and decay rate. We know that a 
mu-meson decays into an electron, emitting gamma 


(3) We might note here that Einstein’s restricted and general theories 
of relativity “look at” time dilation differently, since the restricted 
theory neglects acceleration and rate of change of motion. It seems that 
in many space travel schemes the time dilation effect is influenced by 
rates of change of speed. Acceleration, on the other hand, seems to 
have no significant effect, \ 

(4) Since motion is relative, the earthbound observer can pull a sur- 
prising switch on the space traveler who claims that his “dock’’, keep- 
ing slower time, showed less of a time lapse. “You stood still and I 
moved,” the eatth observer can say. “So you toor longer than my 


clock shows.” Since it’s impossible for both of them to be right, we 
have a paradox, 


radiation and neutrinos in the process. The measured 
mean life of a mu-meson at rest is 2.1x10-° seconds. In 
this time, a mu-meson traveling at the speed of light 
could be expected to cover 600 m. 


Experiments with satellites proposed 


Now the average height of formation of mu-mesons 
in the atmosphere is 16 km. Therefore, if the average 
mu-meson decays after traveling 600 m, only a minute 
proportion of mu-mesons should ever reach the surface 
of the earth. Oddly enough, a large proportion of mu- 
mesons reaches the earth. This fact can only be ex- 
plained if we assume that time dilation slows down the 
rate of decay of the moving mu-mesons with respect 
to mu-mesons at rest. 

Other recent measurements of mesons and similar 
particles have confirmed the time dilation of rates 
of decay (which, of course, correspond to the “clock” 
of Lorentz’ model). They also confirmed that the effect 
becomes appreciable only near the speed of light. 

Further proof may be provided by experiments with 
satellites. S. F. Singer, of the University of Maryland, 
and others have proposed that an atomic clock be in- 
stalled on a satellite or maybe even on the moon. 
Moving many thousands of mph faster with respect to 
a clock on earth, the satellite clock would show a small 
time change—perhaps only a few parts in many mil- 
lions, but enough to be measured. 

The writer has suggested a “radioactive-decay clock” 
whose particle count, or decay rate, aboard a satellite 
would be recorded on tape, film, or an integrating 
counter. After recovery, this decay rate would be 
compared with that obtained from a comparable sample 
of radioactive material that had been kept on earth.® 


Time dilation probably is ‘‘real”’ 


Regardless of the amount of proof such experiments 
may provide, with a little daring we can say already 
that time dilation in all likelihood is real. Some day 
therefore it may remove the biggest barrier to interstel- 
lar travel. An explorer could take off to Alpha Cen- 
tauri confident that he himself would actually reach the 
star. While the earth’s clock ticked off centuries, he 
would sense nothing unusual in his interstellar craft— 
within his frame of reference, his “clocks” (including 
his body) would show only a time lapse well within the 
normal human life span. 

Of course, when our explorer got back to earth, his 
friends who saw him off would long be dead and he’d 
be confronted with their great-great-great-great-great- 
grandchildren. How he would get along under these 
circumstances is another story, which we won’t go into 
here and now.—End 


References—H. Dingle, “A Problem in Relativity Theory;” 
Proc. Phys. Soc., vol. 69, p. 925 (’56). A. Einstein, Annalen 
der Physik, vol. 17, p. 891 (05). W. H. McCrea, “Relativity 
Physics;” Methuen, London (’47). R. C. Tolman, “Relativity, 
Thermodynamics and Cosmology;” Oxford (’34). R. L. Shep- 
herd, Journ. Brit. Interpl. Soc., vol. 11, pp. 155 & 298 (752). 
S. F. Singer, “Application of an Artificial Satellite to the Meas- 
urement of the General Relativistic Red Shift;” Phys. Rev., vol. 
104, p. 11 (56). K. R. Stehling, “Space Travel and Relativity;” 
Jet Prop., vol. 26, p. 1105 (56). W. F. Campbell, “The Clock 
Paradox;” Can. Aero. Journ., 4/9, p. 316 (’58). 


(5) Direct telemetering of the decay data apparently would yield con- 
fusing results. However, the data could be telemetered after they 
had been stored on tape or in some other form. 
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FAIREY ROTODYNE uses unloaded rotors, is almost cer- 
tain to be the first operational airline VTOL. 


PRIME EXAMPLE of tilt-wing design is Vertol 76 test 
vehicle built for the Army. 
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What price VTOL? 


VTOL designs now on the boards may 


pay off for airlines—after lots more R&D 


by Marion O. McKinney, Jr. 


Head, VTOL Section, Stability Research Div., Langley Research Center, National Aeronautics G Space Administration* 


One QUESTION that always comes up in connec- 
tion with VTOL aircraft is: “How much extra will the 
VTOL feature cost?” You can get some idea of the 
right answer by examining three general VTOL types 
now under development—unloaded-rotor configuration, 
propeller-powered, and jet-powered configurations. 

The unloaded-rotor convertiplane has received much 
attention over the past few years. A test vehicle, the 
McDonnell XV-1, has been flown throughout the entire 
range of operations. It has a helicopter-type rotor driven 
by pressure jets for use in hovering and low speed flight, 
and a fixed wing and a pusher propeller for cruising 
flight. In hovering flight, all the power is applied to the 
rotor. In cruising flight, all the power is applied to the 
prop; the rotor autorotates and supplies only about 15 
per cent of the lift. 


*National Aeronautics & Space Administration, Langley Research 
Center, Langley Field, Va. 
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This type is already ‘being developed into an opera- 
tional transport in England. The Fairey Rotodyne (see 
S/A, “Fairey Rotodyne VTOL Design and Concept,” 
Feb. ’59, p. 55), which will seat up to 48 passengers, is 
evidently intended both as a feeder-line transport to 
communities without suitable airports for conventional 
planes and for rapid transportation between city center’ 
heliports up to several hundred miles apart. 

Some idea of costs might be gained by comparing 
this design with the Fairchild F-27. The latter has good 
short-field performance and in size is directly compar- 
able with the Rotodyne. The Table, based on data pub- 
lished in trade journals, shows the Rotodyne is slightly 
heavier and has a lower cruising speed and a shorter 
range with the same payload. 

It’s evident that the operating cost of the more com- 
plex VTOL aircraft will be greater than that of the 
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FIGURE 1: Tilt-wing VTOL transport conceived by Hiller. 


conventional transport. The advantage of the VIOL 
must come entirely from the VTOL feature and must 
offset poorer performance and higher operating cost. 
Actually, though, except for overwater routes, the Roto- 
dyne-type craft is mainly in competition with surface 
transportation—over routes for which air transportation 
now is either not available or not successful. 

The tilt-wing-and-propeller VTOL is also receiving 
considerable attention. Two flight test vehicles of this 
general type are the Hiller X-18 and the Vertol 76. It 
has its wing at about 90 deg incidence for takeoff and 
landing. The wing is rotated slowly to about zero de- 
grees in making the transition to normal forward flight. 
This craft has already been flown in hovering flight, 
made vertical takeoffs and landing, and repeatedly gone 
through the transition form hovering to normal forward 
flight and back to hovering. 

No commercial transport of this type is either flying 
or under construction. Figure 1 gives some idea of how 
such a plane might look. It shows a Hiller design with 
four large props driven by turbines and auxiliary jet 
engines at the rear of the fuselage for pitch control in 
hovering flight. , 

The cost of the VTOL feature for the type shown in 

Figure I is also given in the Table. We can see that the 
VTOL transport required to carry a payload of 50 pas- 
sengers plus baggage over 900 nm at a cruising speed 
of 400 knots is about 25 per cent heavier than, and has 
twice as much horsepower as, a conventional transport 


more on next page 


VTOL vs Conventional Transports 


} VTOL | Conventional 


Feeder Line Types (Rotodyne vs F-27) 


Gross weight (|b) 39,000: | 35,700 


Cruising speed (knots) 160 230 
Range (nm)4 : 260 430 
Short Haul Turboprop Types (hypothetical) 

Grass aveiaik ib) 60,000 | 47,000 
Empty weight (Ib) 38,000 | 27,700 
Fuel load (Ib) 10,700 | 8800 
Payload (Ib)2 10,500 | 10,500 
Horsepower 16,000. | 8000 
Cruising speed (knots) 400 400 
Range (nm, with reserves) 900 900 
Supersonic Types (see Fig. 2) 

Payload: (Ib) 26,000 | 26,000 
Empty weight (Ib) 158,000] 160,000 
Fuel load (Ib) 208,000} 206,000 
Range (nm, no reserve) 3800 —|3700 


(1) With 40 passengers; baggage, and reserve. (2) With 50 passengers 
and baggage. 
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BELL X-14, an experimental jet-powered VTOL, has gone 
through its full transition cycle in flight. 


designed for exactly the same mission. Clearly the oper- 
ating cost of the VTOL would be more than that of the 
conyentional transport, because of greater initial and 
maintenance costs and higher fuel demands. 

However, the VTOL can offer considerably faster 
service between the downtown areas of cities by oper- 
ating from close-in heliports. This, together with savings 
in the cost of transportation to and from the airport, may 
largely offset the VIOL’s higher operating cost. 

For a transport plane, a horizontal fuselage attitude 
seems to be essential. A horizontal-attitude jet VITOL 
test vehicle that has already been flown in both hover- 
ing and normal forward flight and has successfully per- 
formed the transition between these two is the Bell X-14. 
It is powered by two Armstrong Siddeley Viper turbo- 
jets mounted horizontally in the lower forward part of 
the fuselage. 

The engine exhaust is turned directly downward be- 
neath the CG by means of thrust-diverter vanes to pro- 
vide the lift for hovering flight. The vanes are rotated 
to divert the exhaust backward at progressively larger 
angles during transition, until the craft is wingborne. 
The exhaust is then directed straight rearward for norm- 
al forward flight as a conventional jet. Control in hover- 
ing flight is provided by compressed air jets at the wing 
tips and the tail. A 

Most of the design studies for jet VTOLs have in- 
volved a very long step—tright to the supersonic trans- 
port. One that has received considerable publicity comes 
from Rolls-Royce (Fig. 2). With a supersonic transport, 
the static thrust of the engines needed to propel the 
plane in the cruise condition is far less than the weight 
of the craft. Thus it seems desirable to make up the 
deficiency in thrust with a number of special, lightweight 
lifting engines arranged along the side of the passenger 
compartment. These would probably be relatively small, 
since the best engine specific weight is obtained with 
fairly small designs. They would probably be turbofan 
types with a bypass ratio of about 5 to keep the noise 
and exhaust velocity relatively low. However, the noise 
and the tremendous energy in the exhaust of so many 
engines would probably still pose formidable problems. 

For an evaluation of this type of VTOL, the two trans- 
ports shown in Figure 3 were laid out. Both are based 
on Mach 3 cruise speed, 400,000 Ib gross weight, and a 
payload of 120 passengers plus baggage. The supersonic 
transport designed for normal takeoff and landing has 

_a wing loading of 65 psf, which will permit landings at 
the speeds of the current subsonic jet transports; it needs 
seven engines of a certain size for propulsion in the 
cruise condition. 
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The VTOL has 44 lifting engines along the fuselage 
sides and six propulsion engines in wing tip nacelles. The 
latter can be tilted to a vertical position for takeoff and 
landing. Since this design doesn’t rely on the wing for 
landing, wing size could be optimized for supersonic 
cruise, giving, in this case, a wing loading of 110 psf. 


Designs have equal empty weights 


The Table also shows estimated characteristics of 
these two designs. They have essentially the same 
empty weight, fuel load, and range. That the VTOL 
design does not have a higher empty weight, in spite of 
all the lifting engines, may at first seem surprising. The 
three main reasons for this are: the VTOL has 2500 sq 
ft less wing area, needs one.propulsion engine less, and 
has a much lighter landing gear. However, since such 
a landing gear isn’t designed for high speed rolling 
takeoffs and landings, new ground handling procedures 
will probably be needed before this weight saving can 
be realized. In any case, the VTOL plane will obviously 
be more expensive in initial cost and maintenance be- 
cause of the lifting engines. 

In conclusion, we.can say that VTOL transports seem 
to be technically feasible and can have good enough per- 
formance to be considered for commercial operation. 
However, considerable R&D, particularly full-scale 
flight research, must be done before the airlines can ser- 
iously think about such aircraft. 

It also seems VTOLs will have higher operating costs 
than conventional transports. Whether and in what ap- 
plications they will have the extra usefulness to offset 
this extra cost is still an open question today.—tnd 


FIGURE 2: Supersonic jet lift VTOL transport as conceived ‘ 
by Rolls-Royce. 


FIGURE 3: Hypothetical comparable Mach 3 designs for 
VTOL and conventional transports. Both have a gross 
weight of 400,000 Ib and could carry 120 passengers. The 
VTOL (bottom) has six propulsion and 44 lift engines, 
the conventional design seven propulsion engines. 
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HYDRORUPTURED heat-treated cylinder samples failed 
in a ductile manner after reaching full yield strength of 
the material. The bottom of each cylinder was supported 
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by a steel pad during Norris-Thermador test. Left to 
right: Crucible 56, Tricent, Airsteel X-200, AISI 4340, 
Crucible 218. 


Deep drawing 


for high strength solid rocket casings 


Propulsion designers are searching for mo- 
tor case materials which will yield strength 
to density ratios on the order of 1,000,000. 
One approach is the deep drawing of H-11 
hot work tool steel—something considered 
impractical a few years ago. 


by Larry Shiller, Chief Research & 
_ Development Engineer, Norris-Thermador Corp.* 


May 1959 | 
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N EW MATERIALS and manufacturing techniques are 
being developed for thin-walled solid propellant motor 
cases subject to induced stresses of over 200,000 psi. 
Materials considered impractical for drawing only a 
few years ago have produced excellent results with 
current press techniques. As new materials are studied, 
the drawing process seems more promising than ever 
for fabricating large vessels of high yield strength. 

At Norris-Thermador, we are investigating deep- 
drawn, hot-work tool steels, particularly the H-11 (5Cr- 
Mo-V) series, which can be heat-treated to yield 
strengths as high as 240,000 psi with acceptable duc- 
tility. The only apparent size limitations appear to be 


* Norris Div., Norris-Thermador Corp., Vernon, Calif. 
more on nex?t page 
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MOTOR CASING for Jato unit (center) was the first in- 
tegrally drawn piece to be put in large scale production. 
Casing for the Hawk (left) is one of the largest cylinders 
to be drawn in one piece. Wall dimension was changed 
from 0.107 to 0.067 in. Right: Six-thousand-ton hydraulic 


those imposed by the available width of steel and by 
press size. Diameters of 100 in. and more are within 
the realm of possibility. There is no limit on length, 
since sections can be girth-welded without compromis- 
ing strength. 

Deep-drawn. steel rocket motor casings are not new. 
One of the first in large-scale production was the Navy 
15KS 1000 Jato casing. The Falcon missile has a steel 
motor casing formed as a one-piece, deep-drawn 
cylinder. The Asp and the Sparrow also have drawn 
steel motor casings, while the Zuni and the Sidewinder 
have one-piece aluminum-extruded casings. 

Probably the largest single-piece motor casing ever 
drawn for an operational missile was the one produced 
for the Army’s Hawk. This cylinder has a diameter of 
14 in. and a drawn length of 96 in. Halfway down. its 
length, on the inside, there is a step reduction in wall 
thickness from 0.107 to 0.067 in. 


Minimums too high for low-alloy steels 


All these missile engine casings were drawn from a 
low-alloy steel, such as AISI 4130. Yield strength was 
pushed to a high of 170,000 psi through optimum 
design and by the use of closely controlled heat treating. 
Today’s minimum requirements of over 200,000. psi 
are well beyond the capabilities of the low-alloy steels. 

The need is for new materials with low weight and 
high strength. Metals such as Vascojet 1000, Crucible 
(Halcomb) 218, and Airsteel X-200, which we are 
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press used to draw a 54-in.-diameter pressure vessel 
head of about 0.093 in. thickness. During major reduc- 
tions in wall thickness, the metal temperatures can go 
up to 250 deg F. In this setup, the punch is stationary 
and the die is operated by the press ram. 


all investigating, fit into this category. They have high 
strength at both normal and high temperatures, good 
ductility, and will harden to the aoa demanded by 


‘ today’s designers. 


Deep drawing is essentially a cold-working process 
that “flows” the metal under high pressure into the 
desired shape. It has several advantages: 

e Dimensions and weight can be closely controlled 
by use of precise punch and die tolerances. Wall 
thickness can be held to.+5 per cent. 

e Tooling life is exceptionally long. Runs of up to 
25,000 and more can be made without exceeding 
tolerance limits. 

e Scale models can be drawn to reproduce the 
same strain patterns and yield strengths of a full-size 
casting. Many preliminary designs can be checked out 
inexpensively before settling on a production design. 

The characteristics of the casting material are all- 
important. The designer must determine the internal 
pressures that will be produced within the rocket 
chamber and then select a metal that will provide a 
yield strength safety factor in excess of service pressure. 
A “rule of thumb” figure for the yield value of hoop 
stress in a thin-walled pressure vessel is given by PD/2t, 
where P is internal pressure; D, inside diameter; and f, 
minimum wall thickness. 

Hot-rolled steel is generally used for drawing. It 
is spheroidize-annealed upon receipt from the mill to 
change the pearlitic, structure created by hot rolling. 
(Spheroidized steel is more ductile than “as-rolled”. It 
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should be as completely spheroidized as possible for 
maximum drawability.) A grain size of 5-8 produces 
good casings. The fine grain prevents surface roughness, 
known as “orange peeling.” 

Once a material is picked for possible use, a series 
of deep-drawn scale models is produced. Both thick- 
and thin-wall stock tests are made to determine draw- 
ability and formability. 

In a typical test of H-11 tool steels, the thick-wall 
sample started out as a disk 3.5 in. in diameter, cut 
out of a 0.25-in. plate. The final drawn size was 1.5 in. 
in diameter, with a wall thickness of 0.074 in. 

A thin-wall sample 5.125 in. in diameter and 0.060 in. 
thick was used to test formability. The final drawn 
size was 1.75 in. in diameter, with a wall thickness 
of 0.048 in. 

' Tests were made with Crucible (Halcomb) 218, 
Crucible 56, Vascojet 1000, Airsteel X-200, Tricent, 
Super Tricent, Potomac A, AMS 6434, and AISI 4340. 
After each drawing operation, samples were visuallv 
inspected for splits, tears, bad looper patterns, and 
other defects. Completed model cylinders were then 
checked inside and out by magnetic particle inspection. 

The acceptable cylinders were then heat-treated for 
maximum yield strength. After that, they were com- 
pletely instrumented with strain gages for hydrorupture 
tests to. determine the strain characteristics of each 
model. 


Fittings tested on scale models 


Scale models of one-third final size were then drawn 
from the metals which had passed the earlier tests. The 
one-third scale makes it possible to test attachments, 
closures, and other fittings that would be on the full- 
size motor casings. Stock tooling is used for all model 
drawing operations. 

Many test cases 10 in. in diameter by 26 in. in length 
have been heat-treated to uniaxial yield strengths of 
200,-215,000 psi at 0.2 per cent offset. These vessels 
consistently burst at hoop stress levels in excess of 
250,000 psi. 

A test program is underway to develop deep-drawn 
full-scale motor cylinders that will have extremely 
high mechanical properties. The final casings are to be 
35-40 in. in diameter, 70-100 in. in length, and 0.050- 
0.060 in. in wall thicknéss, 

At present, the design calls for two cylinders girth- 
welded together to form the completed casing. But 
preliminary test results indicate this may not be neces- 
sary—it looks as though the full length casing may 
be drawn in one piece. 

In general, girth welds are subjected to about one- 
half the stresses induced in longitudinal welds in the 
same vessel. Therefore, girth welds are not a critical 
factor in the yield strength characteristics. One major 
consideration is to select a steel suitable for welding. 

After welding, the casings must be heat-treated to 
200,-240,000 psi-yield strength. All heating is done in 
a controlled atmosphere to prevent scaling and de- 
carburization. — 

Following heating, the fol steel casing is air- or 
oil-quenched to the desired degree of hardness and then 
tempered. Fixtures are used during the tempering stage 
to correct distortions that occur during the heat treat- 
ments, : 

‘The completed tool steel casing has a Rockwell C 
hardness of about R, 45-52. The average elongation in 
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SMALL-SCALE CYLINDERS formed from test blanks. 
Thick wall test (left) determines drawability, by reducing 
the diameter without significantly reducing the wall 
thickness. Thin-wall tests prove out formability by re- 
ducing both diameter and wall thickness. 


Mechanical Properties of Deep-Drawn High Strength Steels 


Mechanical Properties 


Elongation 
(per cent @ Yield strength 
highest yield in after temperature 
Formability Q-in. gage) (psi) 

Vascojet 1000 good 5%-6% 230,000 
Airsteel"X-200 good 1%-8% 235,000 
Crucible 218 good 6%-1% 930,000 
Crucible 56 good 5.5%-7% 240,000 
Potomac A good TH 8Y% 240,000 
Tricent fair - ‘4 
Super Tricent poor e * 
AIS! 6434 good 6%-7% 210,000 
AIS! 4130 good 7%-8% 190,000 
AIS! 4340 good 6%-7 % 995,000 


“Data not available because drawing tests were not carried to completion. 


two-inch gage is approximately five to ten per cent. 

One of the major reliability advantages of deep 
drawing is that rejects are exposed during the process, 
because of the high level of stress imposed on the steel 
during the drawing operations. Any material defect 
shows up as a metal failure during the early stages. 

High-carbon, high-chrome punches and dies are used 
for short run production. For long runs, the dies are 
made of tungsten carbide for better wear resistance. 
A hard-chrome plating also gives punches a longer life 
by cutting down the wear. When wear limits are 
reached, the tool can be stripped and replated at little 
cost.—End 
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FIGURE 1: Structure of Northrop N-156F fighter, de- wing and landing gear are assembled as one unit, then 
signed to meet needs of free-world nations. Complete attached to fuselage with six bolts. 
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Overall capability . 


is key to N-156F design 


There’s n lose | 

. ee Me lta dee of the c Tae ROLLOUT of the Northrop N-156F multi- 
connection between all forms of airborne purpose fighter this month and the simultaneous first 
designs than Northrop’s N-156F “‘counter- _ flights of the earlier T-38 trainer mark a new concept 


Lee . in manned aircraft design. As Northrop engineers told 
air’ fighter—it was feedback from the. spack/AERONAUTICS, the common basic design 
development of small, efficient jet engines of these two planes puts the emphasis not on one or 


for missiles that made possible the design two factors—such as top. speed or altitude—but strictly 
on overall capability. 


of a new family of versatile, lightweight Another novelty about the N-156F is that it’s the first 

manned aircraft. plane designed by a U.S. firm to the needs and capa- 

bilities of the NATO and SEATO countries and our 

other allies, who will eventually use the Northrop design 

3 as a first-line fighter. Most N-156F production will be 

by Irwin Stambler, Associate Editor done overseas by our allies themselves. Northrop will 
supply tooling and technical assistance. 

Northrop’s basic idea of a small, lightweight super- 
sonic fighter that would perform “counterair”, or inter- 
cept and bombing, missions usually requiring much heay- 

FLadailindatainTannaanpanuntitngtoinaidaiun init a CC eA ier and complex craft became feasible, company engi- 
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! WING-FUSELAGE attach (left) and mockup of N-156F. 
{ Horizontal tail and aft fuselage assembly can be removed 


neers note, after two advances in the state of the art: 

© the development, originally for missile use, of 
small, high performance engines—as Welko Gasich, 
director of weapons system development engineering at 
Northrop’s Norair Div., Hawthorne, Calif, points out, 
this made it possible to -take advantage of the ‘3/2 
rule,” which states that thrust varies as any linear di- 
mension squared and weight varies as the length cubed 
(so that the thrust-weight ratios of large engines are not 
as good as those of small ones); 

e NACA’s discovery of the area rule. 

Possible configurations were considered in terms of 
“total force effectiveness” (TFE), the product of per- 
formance of each unit, number of units, and combat 
readiness. For maximum unit performance, Norair engi- 
neers claim, costs would have to go up and the number 
of units would go down: Their studies also indicated 
that top speed bought very little in terms of intercept 
time. The approach they finally took in the N-156F de- 
sign, they believe, enabled them to come up with a 
plane with an overall combat capability greatly superior 
to that of current production fighters for use against 
air and ground targets—at half to one-third less cost 
per unit. 


Top speed will be near Mach 2 


' The N-156F has some changes from the T-38. The 
trainer was designed for long endurance, and the mini- 
mum top speed it had to attain was Mach 1.1. Its top 
_ speed reportedly is about Mach 1.38. The N-156F is to 
have a top speed of about Mach 2 when it reaches 

operational status. 4 
As one of the results of about 6000 hours of wind 
tunnel testing on both planes, a wing root leading edge 
extension was added on the N-156F to help increase the 
top speed. In another move to optimize the fighter de- 
sign for high speed,’the fuselage area distribution was 

_ changed slightly. 

_ As designers point out, getting the proper amount of 
__. Coke bottling can be a problem. It calls for minimum 


OP PR Shee © mt ONenenne 
te Oe Ys Dit ee ee een 


for maintenance without removing the fin. Arrow points 
to wing root extension for better Vuax. 


fuselage section at the maximum point on the wing. So 
when the plane is first laid out, the designers must take 
a stab at the weight distribution to locate the wing. Then 
the fuselage is Coke-bottled for good transonic perform- 
ance. However, as the N-156F design progressed, 
changes in actual weight distribution (as shown by bal- 
ance checks) made it necessary to relocate the wing at 
least four times. 

Norair engineers believe the N-156F has the narrow- 
est spec cockpit of any supersonic fighter—only 40% 
in. from mold line to mold line. Yet, they say, while 
smaller on the outside, the N-156F is bigger on the in- 
side. A 30-in. cockpit rail width leaves plenty of room 
even for a pilot wearing a pressure suit. 

The wing leading edge has been changed to take a 
flap with a maximum of 25 deg deflection for better 
takeoff performance. The trainer can take off from 
6000-8000 ft runways, but the fighter must operate from 
fields as short as 3000 ft. It has, in fact, been designed 
to permit zero-length launching. 

A major part of Northrop’s wind tunnel work was 
devoted to developing a good supersonic wing for the 
two planes. Particular emphasis was placed on sub- 
sonic airfoil performance, on which not much informa- 
tion was available. The addition of leading edge cam- 
ber, engineers say, has provided a design with good 
subsonic cruise capabilities but still thin enough for high 
Mach numbers. The basic wing section is cambered 
from the 40 per cent point forward. 

The N-156F was also designed with a C,,, of zero 
degrees for zero C;,, so that at high speed, the pitching 
moment of the fuselage would balance the down-load 
of the tail. This effect only holds at one speed condi- 
tion—in this case selected as Vinay, Since minimum drag 
is desired at this point. As trim drag gets to be a con- 
siderable part of the drag problem at this velocity, this 
approach made it unnecessary to go to canard controls. 
However, it did cause some inlet and stall problems. 
Eliminating the S-shape also helped improve perform- 


ance at V,,,x, engineers note. 
more on next page 
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FIGURE 2: Engine installation, showing simple, rugged 
attachment of the fin spar and accessory-to-engine jack- 
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shaft arrangement. Two GE J85 engines will be used, 
though the plane could also take J60s or R-R RB-145s. 
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A major problem when two engines are installed side 
by side is the V-shaped area between their exhausts, 
which causes base drag. If the engines aren’t close 
enough together, base plates must be used (Fig. 4). 
They are made of steel and, in addition to costing 
weight, generally cause problems throughout the design. 

On the N-156F, the engine exhausts were moved to- 
gether as close as possible to eliminate the plates. Cool- 
ing air is ducted through holes in the corners of the tail 
There’s also a slight air bleed all around each tailpipe. 

Slanting the engines outboard provided a number of 
advantages. For instance, it gave an almost straight duct 
setup from the inlet face to the compressor. This, Norair 
states, contributes to the lack of distortion of the air 
entering the engine, improving the engine compressor 
stall margin. 

Variable inlet geometry was not needed for the train- 
er because of its modest supersonic speed. The faster 
N-156F will probably have some form of variable inlet 
geometry. 


The fuel system is simple 


The engine installation permits a simple, rugged at- 


tachment of the fin spar (Fig. 2). It also eliminates fuel ° 


storage over the engines or aft of the compressor face— 
at least with small engines, Norair points out, whose ex- 
cellent sfc cuts down on the total fuel requirement. 
As Figure 3 shows, the fuel system is very simple. It 
consists essentially of two separate systems and requires 
only two pumps and three valves, one of which is a 
cross-feed. The two systems are completely separate un- 
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less a pump fails, in which case the cross-feed can be 
opened. Even if both pumps fail, the plane can still be 
flown on gravity feed, engineers say. 

No sequencing is needed for CG control. Single-point 
refueling is used (manual, if desired), and there are pro- 
visions for in-flight refueling. Two drop tanks can be 
mounted about 60 per cent outboard of the semispan. 

The structure is essentially a conventional built-up 


type (Fig. 1) of 75ST aluminum. Honeycomb is used ' 


in the outer ends of the wings, the flaps, and the con- 
trol sections. Because of limited data on honeycomb, the 
primary structure was designed to take the limit load 


(with some deformation) in case of failure of any honey-_ 


comb part. 

The fuselage breaks down into three main sections: 
main fuselage, horizontal tail, and wing. The wing is 
assembled as a single, complete span (except for the 
tips), so that it can be attached to the fuselage with the 
landing gear already installed. 

The tail break represents an unusual approach. Nor- 
throp experience indicated that assembling an aft sec- 
tion including the fin under high wind conditions is a 
difficult chore, because of the weight of the assembly 
and other factors. As a result, in the N-156F only the 
horizontal tail comes off. This has also provided a sim- 
pler design, since mechanics don’t have to unfasten fuel 
vent lines, rudder control cables. wiring, etc. 

Simple maintenance was naturally another aim in the 
N-156F design. The horizontal tailplane was placed 
about 2-5 per cent of the MAC below the chord plane 
of the wing to eliminate pitch-up. This gave an essen- 
tially flat underbody from 30 per cent of the wing chord 
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on back, permitting good access to the landing gear 


doors and other equipment. 
The location of the tailplane and the engine arrange- 
ment also enabled Norair to run the control tunnel in 


/a Straight line from cockpit to horizontal tail, which 


again made for easy installation and access. It also 
makes it possible to pull off control cables with a min- 
imum number of pulleys, reducing breakout friction 
and providing the pilot with smooth transition at the 
neutral point. Black boxes have been located in the nose, 
so that work on them can be done by a man standing 


on the ground. 


The windshield is hinged forward 


Another innovation is that the main windshield is 
hinged forward. On the F-89, either the windshield or 
the side panel has to be completely removed by a me- 
chanic who wants to work in the cockpit area. Since 
this is a pressurized area, the plane must be grounded 
until an inspector rechecks the cabin pressure after the 
panel has been reinstalled. On the N-156F, the align- 
ment of the windshield isn’t disturbed, and no recheck- 
ing is necessary. d 

Another design innovation has separated the problem 
of accessory maintenance from that of engine mainten- 
ance. Accessories are airframe-mounted and driven from 
a power takeoff consisting of a single jackshaft that is 
also mounted on the airframe. This shaft splines into a 
mating patt on the engine. The engine rolls out on a 


‘small track, automatically disengaging itself from the 


jackshaft, which remains on the airframe. Through an 
access door under the accessory gearbox, the accessory 
unit can be taken out without disturbing the engine. 
The accessory design itself is interesting. Convention- 
ally it would have involved a constant-speed transmis- 
sion. However, Norair found that almost 95 per cent of 
the electric load could accept 320-480 cycles. To op- 
erate in this range, it was necessary to go to an auto- 


_ matic-shift, two-speed transmission. 


The two-speed gearbox is lighter 


The two-speed system was designed by Waste King’s 
Technical Products Div. to Northrop specs. At engine 
idling speed of 48 per Gent rpm; the generator comes in 
the line with a frequency of 320 cycles. As the throttle 
is advanced, this value goes to 480 cycles at about 
67 per cent rpm. Then a mechanical governor shifts 
the transmission back to 320 cycles, from which the 


_ frequency goes up to 480 cycles at 100 per cent rpm. 


A dead band in the governor of about three per cent at 
the 67 per cent rpm point provides leeway for shifting. 
This design, Norair reports, has turned out to be 


lighter than a constant-speed one and has shown excel- 


lent reliability so far. Since the plane needs a small 
amount of closely regulated 400-cycle current for its 
instruments, a static inverter system is provided. The 
energy loss in the transmission is so low that the unit 
can be cooled simply by fins. 

A hydraulic pump is mounted on the gear box and 
is driven through the same transmission. This provides 
a high rate of hydraulic flow at landing or flare-out, 
permitting the use of full-powered controls. In addition 
to the flight control hydraulic system, there is a utility 
hydraulic system to supply power for speed brakes and 
landing gear as well as half the power for the flight 


control. 


The flight control system operates off the right-hand 
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engine and the utility off the left-hand one. Preloads 
eliminate control surface backlash. If an engine or pump 
goes out, half hinge moment is still supplied to the con- 
trols. 

Norair emphasizes that the N-156F is a lightweight 
fighter, and not a stripped design. The craft is designed 
to take a wide range of systems, from relatively simple 
electronic gear up to the most sophisticated fire control 
and armament equipment. It has all-weather capability 
for both air-to-air and air-to-ground missions. To get 
more versatility, it was decided to have all armament 
mounted externally. Northrop reports that 48 different 
combinations could be carried. 

The N156F has a take-off weight of 12,235 lb, a 
maximum range of 2000 nm, an overall length of 43 ft 
11 in., a wing span of 26 ft 5 in. (with wingtip arma- 
ment), and a height over tail of 13 ft. While there have 
been some problems with the GE J85 engines slated for 
the craft, it’s stated that these have been overcome and 
won't affect the N-156F schedule. The plane can also 
take such alternate powerplants as the P&WA JT-12 
(J60) and the Rolls-Royce RB-145.—End 


COMPARISON of N-156F and T-38 side views shows 
some of the differences between the two planes. 
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FIGURE 3: N-156F fuel system. All tanks are located in 
air duct areas ahead of engine. 
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FIGURE 4: Two-engine installation can require use of 
heavy steel base plates (left). N-156F design, by mount- 
ing engines in V-pattern, eliminates base plates (right). 
Note how N-156F cooling air ducts are installed in 
limited space. 
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Flexible Hose: Metal, 
Synthetic, Flexon-T (Teflon) 


Special Forming— 
Thin-Wall Stainless Steel 


. Ducting Systems 


Intricate ducting system or individual components ose 
FLEXONICS EXPERIENCE AND ENGINEERING CAN SERVE YOU BEST 


i FLEXONICS C 


For more than half a century, Flexonics has pioneered in 
precision-forming thin metals into flexible carriers for a variety 
of media .. . and still leads, This special talent of Flexonics 
engineers and designers is available to you in the development 
of ducting systems and flexible connections. 

For the most authoritative product and design recommenda- 
tions covering ducting systems, flexible connectors, bellows, 
metal hose, and Flexon T (Teflon)—contact your Flexonics 
Sales Engineer or write for Flexonics Aeronautical Engineering 
Manual. 
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In Canada: Flexonics Corporation of Canada, Limited, Brampton, Ontario 


‘Write in No. 396 on Reader Service Card at start of Product Preview Section 
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_ CONFIGURATION was dictated mainly by cockpit, power- 
_ plant, and weapon payload. Wing area is 1225 sq ft. a 
‘With a normal combat gross weight of 64,000 Ib, air- ‘Avro Ariows! — 


_borne takeoff speed is about 170 knots at an attitude of : ; 
about 11 deg. Touchdown speed is a bit over 165 knots. co New otis of fighter 


~~ ADDED Ay o 

VRO’s CF-105 ARROW was de- 
_ signed from scratch to meet interceptor | 
Tequirements no other plane could meet: 
“Supersonic speed, all-weather capability, _ 
unusually long range, fully automatic fire _ 
_ control, above-average kill probability on 
the first pass. With an installed thrust 
“well over twice the CF-100’s 7000 Ib 
_ plus, the Arrow is know to have flown 
: over 1000 mph at 50,000 ft in a climb 
. still, accelerating during its first 
1 of flight tests in early 1958. From 
_ the start, the CF-105 was designed to 
i have a fully integrated electronics system. 
_ This” oie automatic: ee for 


EXTENSIVE AREA RULE study resulted in many modifica- 
tions. During the preliminary design, Avro sharpened the 
} radar nose, cut down the thickness of the intake lips, 


and navigation. 


“reduced the cross-section of the fuselage below the With two men it would have been possi- 
_ canopy and in the aft section, and added an extension ‘ ble to carry out missions in fully or semi- 
fairing at the rear to smooth out the bumps in the area a ee or manual modes. 


more on next page 
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ORIGINAL WING (near right) was 
plain. Wind tunnel tests on a sting- 
mounted three per cent complete 
model revealed a pitch-up condition 
at moderate angles of attack. The 
air flow would break away outboard 
of the area covered by the vortex 
envelope. This caused the effective 
aerodynamic center to shift forward 
and produced an abrupt change in 
the moment curve. Modifications 
helped make the moment curve 
more linear. Plot is for the modified 


wing (solid curve) vs the original 


plain wing at Mach 0.9 and an ele- 
vator angle of —20 deg. Droop of 
eight degrees inboard and about 
four degrees outboard helped ex- 
tend the buffet boundary consider- 
ably. At normal subsonic cruise of 
Mach 0.925, C, for buffet onset is 
increased from 0.26, with a leading 
edge extension alone, to 0.41 with 
the extension and the plus droop. 
Modified wing (far right) has both 
a five per cent notch about midspan 
and a 10 per cent increase in the 
outboard leading edge as a cure 
for pitch-up. Notch helps prevent 
flow separation and reduces the area 
of disturbed flow over the wing. 
Eight different notches and three ex- 
tended leading edge combinations 
were tried. The depth of the notch 
proved to be the most critical para- 
meter. 
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ARMAMENT PACK is designed for 
fast replacement. Several different 
missile weapon packs can be used 
interchangeably. The pack is lifted 
into place by a self-hoisting mobile 
support carriage (which also serves 
as a transport dolly) and is secured | 
flush with the underside of the 1 
fuselage at four connection points. | 
Estimated size of armament bay is 4 
16x9x21%4 ft. Arrows show hoist 
point. 
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CF-105 was to be powered by two Orenda Iroquois engines with integral 
after-burners. Over Mach 0.5, ram air opens intake gills near compressor 
to bypass cooling air around engine. This also reduces spillage at high 
speeds. Result is near-optimum performance at all speeds despite fixed 
geometry intake. 
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WING DESIGN started out with a three per cent T/C ratio 
throughout the spar. Aileron reversal forced compromise 
of 3.5 per cent at the wing root and 3.8 per cent at the 


tip. Negative wing camber of 34 per cent was chosen to 


avoid excessive trim drag otherwise needed at high 
altitudes. Inner wings are joined at the center line of the 
aircraft. Outer wings are attached by a peripheral bolted 
joint. Inner wing consists of a main torsion box made 
up of four 75ST6 spars with ribs running parallel to the 
“plane’s centerline and 75ST6 machined skins with in- 
tegral stiffeners connected by posts. Main torsion box 
also acts as an integral fuel tank pressurized to 19 psi. 
Fin has a four per cent T/C ratio. Structure consists of 


a multi-spar box beam with heavy, tapered 75ST6 skins 
and ribs normal to the spars. Fin is attached directly to 
a box section aft of the main torsion box. Outer wing 
consists of a multi-spar box beam with heavy 75ST6 
tapered skins and ribs running norma! to the main spars. 
Trailing edge control box houses the aileron control link- 
age system to which the control surface is attached by 
a continuous piano hinge. Structural materials are mostly 
aluminum alloy. Inner wing skins are machined from a 
solid billet stretched a nominal two per cent immediately 
after solution treatment and before artificial aging. New 
7079 aluminum alloy was used for parts machined from 
hand forgings for sections up to six inches thick. 


BASIC FLIGHT CONTROL system = 
is fully powered. Even in an | H 
emergency, the system cannot { 
be powered manually. Each ail- 4 


tuators powered by independent 
4000-psi hydraulic systems. Full 
control can be exercised with only 
one engine or one hydraulic sys- 


tem operative. STICK FORCE 
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AUTOMATIC FLIGHT CONTROL 
system includes damping to aug- 
ment longitudinal dynamic sta- 
bility at altitudes over 40,000 ft 
for weapon launching. System 
also augments lateral static and 
dynamic stability at high alti- 
tudes and speeds for basic con- 
trollability. Emergency damping 
system is duplicated in the yaw 
axis. 
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specify fast, accurate 


Faster motion — the fastest acceleration, de- 
celeration and reversal of any power transmission. 
Instantaneous power — in less than 30 milli- 
seconds the pump end can be stroked from zero 
to maximum displacement. 

Stepless speed adjustment — a wide range 
of speed adjustments to meet the most exacting 
design requirements. 

Ultra fine control — missile launchers have 
been elevated and trained with exceptional ac- 
curacies down to speeds approaching zero. 
High power gain — low milliwatt signal 
easily controls hundreds of horsepower. 


...in moving a missile 


hydraulic “packaged” drives by (7 
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Narrow deadband — narrower than any other 
high horsepower drive. 
Compact — more power per unit of bulk or 
weight. Pump and motor can be mounted over 
and under, side by side, in line or with shafts 
at any angle. 

* 


Save time! See Vickers first! At Vickers you get 


the benefit of the most comprehensive line of 
hydraulic components and power packages — 
an extensive staff of experienced hydraulic en- 
gineers — fifty years of experience with hy- 
draulics for ordnance needs. 


phone: wire or write for detailed information or a visit by one of our application engineers.eeee 


VICKERS. INCORPORATED Hydraulic Products 


DIVISION OF es RAND CORPORATION for Marine 
re and Ordnance e nd Ground Defense 


"WATERBURY 20, “CONNECTICUT 


DISTRICT SALES OFFICES: DETROIT, MICH. « EL SEGUNDO, CALIF. ¢ MEDIA, PA. « SEATILE, “WASH. . WASHINGTON, ee 
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Turbo-ramiets 


' FIGURE 1: Nord Griffon I! and SPACE/AERONAUTICS’ conception of its turbo-ramjet installation. 


... best for Mach 2-3? 


Are bigger and better turbojets, with all their weight, complexity, 
and high cost, the inevitable powerplants for flight at Mach 2-3? 
No, say the French, who have come up with what looks like a 
perfectly feasible combination of turbojet and ramjet that’s simple 
and cheap and gives startlingly good performance. 


by Denis Desoutter, foreign Corresponding Editor 


A COMBINATION _ turbojet- 
ramjet may turn out to be the best 
powerplant for Mach 2-3 aircraft 
—if the promise of recent flight 
tests of the French Griffen (Grif- 
fin) II holds up. New performance 
data on such an engine and details 
on the theory behind it were re- 
vealed a few meee ago by General 
Noél Daum, technical director of 
Nord Aviation, 12b Av. Bosquet, 
Paris 7, France, when he delivered 


the Twelfth Bleriot Memorial Lec- 
ture before the Royal Aeronautical 
Society in London. 

Nord started the Griffon project 
as a research study on supersonic 
propulsion. The model ‘II’, using a 
turbo-ramjet, made its first flight in 
January 1957. Before the end of 
1957, flights at Mach 2 had be- 
come routine. By now, the Griffon 
II has made some 200 flights and 
reached Mach 2.1 at 60,000 ft. 


SHOCK CONE 


Space/Aero Engineering 


Propulsion 


ATAR TURBOJET 


E FT 


FLAMEHOLDERS & 
FUEL SPRAY RING 
FOR RAMJET 


RAMJET ACCESSORIES 


Several pilots not connected with 
Nord have flown the Griffon II and 
commented on its smoothness in 
comparison with planes using jets 
with afterburners. They were es- 
pecially impressed with the high G 
that can be pulled at supersonic 
speed. 

Contrary to what one might ex- 
pect, the Griffon’s ramjet is insen- 
sitive to the incidence at the intake, 
which lies within the Mach cone 
of the plane’s nose, and so very 
high thrust can be held in turns. 
This ability was strikingly demon- 
strated when the Griffon II set a 
new 100-km closed-circuit record 
of 1638 km/hr, far surpassing the 
previous record of 1171 km/hr 
(held by a Douglas Skyray). 

All this has been achieved with 
a propulsion system built around 
a single Turboméca Atar 101-E3 
turbojet with a sea level static 
thrust of 7700 lb. This jet is 
mounted centrally in a ramjet duct 

more on next page 
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FIGURE 2: Thrust of turbo-ramjet 
--in.Griffon II. 


(Fig. 1)..The flameholders for the 
ramjet are at a point about 70 per 
cent back along the outer shell of 4 
the turbojet. 


AN/MS CONNECTORS a complete selection of 
standard MIL-C-5015 connectors, including 
new “Stub E” environmentally resistant 
constructions. Request Catalog A5 for com- 
plete data. 


Turbojet is shut off at 
high cruise speed 


The 101-E13 model of the Atar~ 
is not a supersonic engine, yet it is 
just what the Griffon Il was de- 
signed for. The plane’s ramjet and 
turbojet share a common intake’ 
and a common exhaust. With such 
a configuration, the turbojet’s en- 
vironment at all times is subsonic. — 
The flow speed at the intake as well — 
as the exhaust of the turbojet is 
around Mach 0.4-0.5. At high — 
cruise speed, the turbojet can be 
shut off and left to windmill slowly, 
keeping up the pressure in the 
| plumbing. ‘ 

By burying the turbojet, Nord 
has made it' independent of any — 
change in aircraft angle of attack. 
The modified air flow within the 
ramjet duct also makes it easier to © 
restart the turbojet in flight. 

The combination turbo-ramjet a 
shows very high thrust at high alti- 
tude—even at Mach 2 there is con- 
siderable excess thrust, which could 
provide even higher speeds (not in 
the Griffon II, though, which is 
limited by kinetic heating). At 60,-— 

000 ft, for example, the thrust is 
5500 Ib, while at 50,000 ft it is 
9200 Ib (Fig. 2). 


RF CONNECTORS every standard RF Series, 
N, BNC, C, HN, BN, LC, LT, UHF is avail- 
able from AMPHENOL. Subminax RF con-= 
nectors are made only by AMPHENOL. Re-= 
quest Catalog D3. 


RACK & PANEL CONNECTORS remarkable Blue 
Ribbon connectors, new “Poke Home” con- 
tact designs —AMPHENOL connectors meet 
every rack & panel application need. Re- 
quest Catalog B6. 


ee 


| 
MISSILE CONNECTORS breakaways, umbilical | 
and interstage, are designed and produced I 
by ampuenot for a large number of missile | 
projects. Write for information. 


Bie 


Sa 


HERMETIC SEAL CONNECTORS new “Identoseal” 
marking on AMPHENOL hermetically sealed | 
connectors provides clear contact identifi- | 
cation in the compression sealed glass in- 1 
serts. Request Catalog A5. | 

1 


: 
PRINTED CIRCUIT CONNECTORS 143 Series re= | 
‘ceptacles mate with standard .055” -.073” | 
boards, 6 to 22 contacts, and with 133 Series | 
l 

l 
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High thrusts at very low 
installed weights 


These high thrusts are acthovedl 
at a very low installed weight. The — 
whole Griffon II propulsion system _ 
weighs 3740 lb, including all the — 
ramjet accessories and the aft part 
of the fuselage forming the 4.5-ft-— 


more on page 66 — 
<“@=Write in No. 398 on Reader Service Card 
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esl plugs and adapters, 10 to 22 contacts. Re- 
quest Catalog B6. 


PROGRESS REPORT 
New Mallory-Sharon 1100° Titanium Alloy 


Pe 


Without MST- 881 


, MST 881, the new high temperature titanium alloy recently 
ie : — announced by Mallory-Sharon, has been successfully forged on 
COMPARISON OF MST 881 WITH CONVENTIONAL a production basis...meeting aircraft industry specifications. 


ke om s eole Leading manufacturers are now testing MST 881 for use in 


tee Bese tyT Ratio compressor shafts, wheels and blades in Mach 3 jet engines 
Sl SN is a ... where prolonged high temperatures will be encountered. 

Studies are also being carried out on application of MST 
881 in the landing apparatus of manned skip-glide vehicles, 
in high temperature gears, machine gun poppet valves, and 
steam turbines operating at 1000° F. 

MST 881 provides excellent long term strength character- 
istics at temperatures of 1100° F., and, for short periods, at tem- 
peratures as high as 1600°F. This new material offers promis- 
ing application possibilities for missile, engine and airframe 
Soke hich stress lensity ratio of MST 881 at producers. Write today for Technical Data Sheet on MST 881. 


1000° F'., compared to MST 821 alloy, 304 and 
4 286 stainless steels. 


is | MALLORY Ms SHARON 


4 / MALLORY-SHARON METALS CORPORATION + NILES, OHIO 
’ nea Write in No. 399 on Reader Service Card at start of Product Preview Section 
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A missile streaking through the sky ...a ship plowing through the ocean swe 
...a submarine pions through the depths... all guided with unerring accura 
by Autonetics’ inertial navigation systems. 

Twelve years ago development was under way on the first Autonetics’ | 
autonavigator—a system to guide a supersonic missile to a distant target. | 

Since then, refined versions of this system have shown remarkalle capabill 
for guidance over, on and under the terrestrial surface in any craft, at any spet 
under any conditions ...a significant advance in the state-of-the-art. 

It was an Autonetics’ autonavigator that guided an aircraft on the first success! 
daylight cross-country flight by stellar-inertial autonavigation. Another versi 


Sy. 


ly passed the Navy’s exhaustive sea tests aboard the USS But the imaginative engineering that brought inertial nav- 
pass Island in 1957. And in 1958, Autonetics’ systems _ igation so far, so fast, is only half the Autonetics’ story. New 


led the USS Nautilus and Skate on their historic voyages. ideas had to be implemented by new manufacturing tech- 
er the polar ice. niques. Many components of inertial autonavigators—gyro- 


oday Autonetics is producing in quantity the systems to _— scopes, accelerometers and computer elements—called for 
le the Air Force’s GAM-77 missile. Its engineers are de- _ precision that was once impossible. Now Autonetics has put 


ing systems for America’s Polaris-carrying subs and the _ it on the production line. 
uteman intercontinental ballistic missile. Even more These are the achievements that have given here-and-now 


anced systems will provide the accurate stellar-navigation reality to inertial navigation...and have made Autonetics 
needed to guide man on his travels through Outer Space. first in the field. 


»y Autonetics @ 


A DIVISION OF NORTH AMERICAN AVIATION, INC., DOWNEY, CALIFORNIA ¢ REGIONAL OFFICES: WASHINGTON, D. C. AND DAYTON, OHIO 
INERTIAL NAVIGATION / ARMAMENT CONTROL / FLIGHT CONTROL / COMPUTERS AND DATA PROCESSING 
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TURBO-RAMJET ... 


diameter outer shell of the ramjet. 

The Nord turbo-ramjet not only 
looks simple, it really is simple — 
the intake is a constant-geometry 
pitot type, and the exhaust, too, has 
a constant geometry. The trick be- 
hind this surprising design is based 
on the fact that a turbojet and a 
ramjet depend, respectively, on the 
Mach numbers at the front of the 
compressor and of the combustion 
zone. Because of these complemen- 


tary characteristics, explains Gen. 
Daum, you can always find an ef- 
ficient fixed intake that will allow 
acceptable matching of the total 
air flow over a wide speed range 
(assuming, of course, the two. jets 
share a common inlet and exhaust). 

The total air flow coefficient of a 
turbo-ramjet with fixed geometry 
at both ends varies much less than 
that of either a turbojet or a ram- 
jet used by itself. Matching remains 


Because BREEZE Bellows are job engineered 
for the most exacting applications, they insure 
high performance and long life. BREEZE of- 
fers a wealth of experience in weldable alloys 
such as Iconel X, titanium, Ni-Span, Hastelloys 
and Stainless steels. BREEZE Bellows solve 
tough problems in instrumentation, fuel regu- 
lation, pressure switches and expansion joints, 
hot air ducting, pressure surge tanks, packless 
valves, oscillating and rotating shaft seals, 
atomic and nuclear reactors. 

We invite your inquiries. 
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CORPO RATIONS, 


INC. 
_ 700 LIBERTY AVE., UNION, N. J. 


BREEZE PRODUCTS: ACTUATORS + HOISTS + TRANSMISSIONS * GENERATORS + STARTERS 
STARTER GENERATORS + BELLOWS + SLIP RINGS + HOSE CLAMPS + HITEMP FLEXIBLE TUBING . 
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Use the “Time-Saver” 


THRUST & DRAG COEFFICIENTS 


Il propulsion system. 


acceptable up to speeds of Mach 3. 
At first glance, what the combin- 
ation of the two types of engin s 
seems to make possible is the a 
dition of the two thrust coefficients — 
for any desired variation with 
speed. But that’s not all, Gen 
Daum points out: “We may expect 
not only the sum of the thrust of a 
turbojet and that of a ramjet, but- 
the sum of the thrust of a turbojet 
without intake losses and that of 
a well-matched ramjet .. .” % 
Nord also points out ‘that, be- 
sides being simple and cheap in in 
construction (since it uses only a 
low-powered, subsonic turbojet), its — 
combination powerplant also gives 
good specific fuel consumption. The 
company has a developiney a 
model of the Griffon underway, of | 
which it predicts “with confidence” EA 
that it will reach Mach 3 between Vy 
66,000 and 80,000 ft and have “a 
hitherto unapproached degree / of 
maneuverability at very high alti- 
tude.” —End 


CEU COC 


. Reader Service Card at the 
start of the Product Preview Section - 
if you want more detailed informa- — 
tion on products or services avail 
tised or mentioned editorially in this — 
issue. Just write the Reader Service 
number of the item of interest on | 
the Card, add your name, address, +f 
and professional data, and mail us 
the Card (no postage needed). We’ ie 
get in touch with the manufacturer 
of the item for you. 
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HETHERINGTON 


SWITCHES e INDICATOR LIGHTS e SPECIAL ASSEMBLIES 
GINEERING NEWS 


ILLUMINATING ANSWERS 
FOR COMPUTER PROBLEMS - 


A newcomer to the Hetherington indicator light line is this low-cost series 
for analog and digital read-out devices, computers, and a host of precision 
instruments. Dubbed the “Digicator” series, these subminiature lights pro- 
vide an attractive, easily-mounted display of numerals, letters or symbols 
in minimum space. 

Figures engraved on black plastic lenses are boldly illuminated by midget 
flange-base AN3140-type incandescent or neon lamps. Serrated spring metal 
fingers snap lenses and lamps into positive contact—yet allow lenses to be 
freely rotated to position the figures. A slight pull removes both lens and 
lamp in one operation for quick, front-of-panel lamp replacement. 


_ Digicator light sockets are available individually, in strips, or as special 
assemblies to meet individual requirements. To allow lights to be grouped 
closely together, the usual mounting nut and lock-washer have been re- 
placed with an integral collar which is flared to the mounting surface—like 
an eyelet—using an inexpensive flaring tool and anvil. 


Special patch cord plugs are available to convert any group of Hethering- 
ton Digicator sockets into a complete, low-cost program board. Simply by 
substituting patch cords for desired lens and lamp assemblies in a read-out 
panel, for instance, electrical signals can by-pass the visual stage and feed 


Push-On, Push-Off 
Switching 


FOR SAFETY AND CONVENIENCE 
: other equipment directly. 


Hetherington ‘“‘Push-Push’’ Switches | 
have long been familiar to airline: passen- 
gers as reading light switches. Now, they’re 
also finding important new industrial uses 
where their maintained contact pushbut- 
ton action offers added convénience and 
sales appeal, as well as eliminating the 
hazards of protruding toggles. 

Both types have sturdy escapement- 
type mechanisms that provide positive 
snap action with moderate operating pres- 
sures. The large J100 Series carries a husky 


15 amps (inductive) at 28v dc. The con- 
siderably newer, and smaller J4000 Series 
measures only 1154” overall, yet carries a 
full 3 amps (inductive) at 28 volts. 

' Dimensions and full specifications on 
Hetherington ‘“Push-Push” switches will 
gladly be sent on request. _ 


Write in No. 101 on Reader Service Card 


Ordinary ‘‘earth-loving amps”’ are fairly 
well behaved and reasonably predictable. 
Put them on a plane, however, and it’s 
a different story. Combinations of alti- 
tude, humidity, and cramped quarters 
make them a bit tipsy and rambunctious 
—often setting off heated battles with 
nearby components. 


Full details on the entire Digicator line are shown in Hetherington’s new 
four-page Data Bulletin L-4—available upon request. 


Write in No. 100 on Reader Service Card 


MOISTUREPROOF SWITCHES 


Discipline 10 “Airborne Amps’’ 


For years now, Hetherington W100 
Series pushbutton switches have success- 
fully chaperoned these charges on thou- 
sands of military and commercial flights. 
Specially trained by MIL-S-6743 in the 
care and handling of amps, these tiny 
snap-action switches resist salt spray, cor- 
rosion, shock, vibration and most other 
temptations. Each can keep 10 amps 
(@ 28v dc, resistive) in tow for more than 
25,000 operations before its equanimity 
becomes disturbed. 

The entire Hetherington W100 Series 
includes six different contact arrangements 
and three button styles. There’s also a 
choice of eight plain- or color-anodized 
aluminum mounting adapters—including 
MS25089 types A thru E. Dimensions and 
full specifications are shown in Bulletin S-2, 


Write in No. 102 on Reader Service Card 


NOW IN LARGER FACILITIES TO SERVE YOU BETTER 


A Controls Company of America Subsidiary 


\HETHERINGTON INC. DELMARDRIVE, FOLCROFT, PA. + 139 Illinois St., El Segundo, Calif. 
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meeting OI, 
minds 


to find 
the means... 


A. O. Smith Aeronautical Division 
continues to demonstrate unique 
capabilities to work with research and 
development groups in government 
agencies and prime and sub contractors in 
the airframe, propulsion and missile fields. 


In three quarters of a century’s service 

to all industries, A. O. Smith has garnered 
exceptional experience in basic research, ~ 
welding, metallurgy, heat treating and 
other areas that delivers a big payload in 
R&D speed-up as well as establishing 
sound production procedures. 


A. O. Smith facilities and experience 
are available to any accredited member 
of the aviation-missile-rocket industry. 
For more details, call or write — 


e; 
Through research 3) ...@ better way 


AOSmith 


CV QR» PLO. ORAS Tad Ove N 


AERONAUTICAL DIVISION 
Milwaukee 1, Wisconsin 
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SPACE/AERONAUTICS 


Space/Aero Engineering 


Production Engineering 


IN SPIN FORGING, the angular position of the roller able range. The holders (3) of the cam templates (4) 


- heads (1) can be controlled throughout the forming allow micrometer adjustment in two axes. Other parts: 
cycle. Driven by a hydraulic motor, the spindle (2) cross-slide actuating cylinder (5) and tracer finger (6). 


provides smooth speed changes over an infinitely vari- Direction of roller movement is toward observer. 


} 
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Faster forming of complex parts by 


/ 


Previously impossible one-piece fabrication of complex hard metal 
parts is the main claim made for Hufford’s novel spin forging 
process. On top of that, the strength of the material is increased 
by 100 per cent, it is reported. 


by Randolph Hawthorne, éditor 


Spm forging combines metal and with an attractive saving in 
spinning and roll forging principles _ material. | 

in a single shearing, spinning oper- These parts can be made seam- 
ation. By this process, hollow cones, _ less from a single piece of material. 
cylinders and hemispheres with The process therefore is suited to 
tapered skin and integral reinforc- aircraft, missile, and powerplant 
- ing sections, and parts of revolu- components. Hardware, essentially 
tion can be produced accurately “sheet metal” by nature, can be 


; 


fabricated ‘with dimensional toler- 
ances and surface finishes normally 
achieved only in machine tool cut- 
ting operations, 

The process resembles spinning 
in that the work piece is turned 
while the part is being formed over 
a mandrel by applying rollers to the 
part surface under heavy pressures. 

It is unlike spinning in that the 
metal shear is deformed from a 
heavy blank into the desired shape. 
Wall thickness of the finished part 
is a fraction of the original blank. 

Most parts are made by this 
process in a single pass of the 
rollers. However, multiple passes or 
forming in stages, with interme- 
diate anneals, may be needed for 

more on next page 
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BUILD ON... 


- CLIMATE CONTROL EXPERIENCE: 


PRESSURIZATION 


Look to Eastern Industries for the advanced - 
pressurization/dehydration packs required 
by the avionic and ground support systems 
of tomorrow. Whenever a precisely con- 
trolled flow of dehydrated air is required, 
Eastern design and production experience 
team up to create compact, lightweight, 
reliable subsystems. Characteristics and 
performance range of existing units: 


. Characteristics and performance range of 
existing units: 


capacities: up to 1.5 FT3/Min. free air 


operating temperatures: from —67°F to 


+150°F, 100% R.H. 


operating altitudes: from 10,000 ft. to 


50,000 ft. 
weights: from 8 Ibs. to 115 Ibs. Gunpleie 


Smaller packs feature replaceable chem- 
ical dehydrator elements —the larger 
subsystems are available with auto- 
matic reactivating dehydrators. 


Let us quote on your next pressuriza- 
tion/dehydration requirement. In the 
meantime, write for full information on 
the entire line of Eastern aviation 
products. Send for Bulletin 360. 


EASTERN 
INDUSTRIES 
INCORPORATED 


100 SKIFF STREET 
HAMDEN 14, CONN. 


DEHYDRATION | 


SPIN FORGING... a 


STARTING POSITION OF SPINNING TOOL 
DIRECTION OF SPIN TOOL TRAVEL 
_/- ORIGINAL BLANK 


iB 


”\ FINISHED” 


TAIL STOCK” PART 


MANDREL 


MATERIAL reduction during spin ’ 
forging depends on the configuration 
of the part being formed and is | 
governed by the so-called “sine | 
“law”, which states T, = Tsino and 
R = 100(1 — Tx/T), where Ty is | 
material thickness of the finished | 
part; T, material thickness of the | 
blank or preformed; «, half the in- | 
cluded angle of the part, and R, 
material reduction. By subs va 
we get R = 100(1 — sina). 


the more complicated shapes or for 
materials with moderate to lows 
ductility. 

Marquardt Aircraft uses a 60x60. 
in. spin forge machine, built by | 
Hufford Corp., El Segundo, Calif., ” 
to AIA specs, for the production of © 
ramjet parts. It also intends to | 
carry out development work on” 
spin-forging. Application of the 
new method to “exotic” materials | 
will be of special interest, Mar> 
quardt claims. jo 


100 per cent 


The Hufford machine can form 
a one-inch thick piece of 321 stain= 
less steel or other hard metal into 
an aircraft or missile part with little 
apparent effort. In forming the 
part, the machine increases, the” 
material’s strength up to 100 per 
cent. It can apply a total work 
force of more than a million 
pounds in forming parts up to 60 
in. in diameter and 10 ft high. 
Marquardt specified 50 per cent 
reduction of metal thickness in one 
pass of the machine, +0.002 in 
tolerance, 225,000 Ib force up 
down, and in and out on the cross 
slide, and 100,000 Ib force up and 
200,000 1b down on the tailstock. 
The tool it got is 25 ft wide, 24 ft) 
high, including its base, and weighs 
more than 450,000 Ib. A template 
tracer is used now, but provisions 
are made for the substitution of 
numerical tape control. 
more on page 7 
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Material strength upped 4 
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Business 
The 8th definition of business, according to Webster, reads as extracted, ies a 
“... to increase business by advertising.” This advertisement has the sole purpose of aise 
offering the capabilities of BJ Electronics, Borg-Warner Corporation, to military 
suppliers for the manufacture of precision electronics. From your print 
specifications, this establishment will fulfill orders quickly and economically, 
utilizing 10 years of know-how and over 90,000 sq. ft. of new, die Se ix 
completely equipped facilities. Consider your need, then. . . consider pte BN ee 
this a direct solicitation of your sub-contract electronic business. 
war Write for facilities brochure. BJ Electronics, Borg-Warner Coord 
ee 


3300 Newport Boulevard, Santa Ana, California. 


National Direct Dial Number 714 KI 5-5581, TWX5291.  ° LEE 


LINE COUPLINGS ON THE 
McDONNELL MODEL 119 


Standard equipment on the McDonnell Model 119 
fuel lines is ON MARK’s new Flexible Fluid Line 
Couplings. Vastly superior to old style “AN” tube 

unions, this new coupling has been tested far 

beyond the requirements of specification MIL-C-25014 

with simultaneous flexure, axial motion and 
pressure cycling at —65°F WITH NO DEVIATION. 

Simpler in design, easy to assemble (NO SPECIAL TOOLS 

NEEDED), and lighter, the ON MARK coupling seals on 
deformed, marred and scratched tubing at all temperatures. 

Tests prove these couplings to be equally effective for special 

requirements such as hot air, gases, exotic fuels, and vacuum. 

In production in standard tubing sizes, 


For full information please contact 


ON MARK COUPLINGS, inc. 


4440 York Boulevard, Los Angeles 41, California 
Telephone CLinton 4-2278 


tives: Airsupply Company, Beverly Hills, Calif.; Aero Engineering 
peices winesta: Long Island, N:Y¥.—Divisions of The Garrett Corporation; 
Aviation Electric, Ltd., Montreal, Quebec, Canada 
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Specialists 
in Machining 


OTIc 


Metals ! 


Discaloy 
Hastaloy 
Udimet 500 
Rene 

Waspaloy 
Inconnel 700 
Timken 16-25-6 


Houston Fearless has developed new techniques for pre- 
cision machining of these and other extremely hard, tough, 
high-temperature materials. Phone or write today for help 
on your problem. 


HOUSTON 
FEARLESS 


11817 West Olympic Blvd. 
Los Angeles, Calif. BR 2-4331 


ROTORS « NOZZLES » INDUCERS + EXDUCERS - PRESSURE VESSELS * IMPELLERS » SPECIAL WELDMENTS 
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SPIN FORGING... 


HUFFORD spin forge can form parts 
—such as this truncated cone—up > 
to 60 in. in diameter and 10 ft high. 


The metal to be formed is placed 
on the spin forge’s mandrel, which 
is shaped to the desired part, and 
held tightly in place by the vertical” 
tailstock. br 

The mandrel then is turned at 
speeds infinitely variable from 10 
mm to 400 rpm. Two massive 
working rollers, set across from 
each other at the sides of the man- 
drel, come in to force the metal 
over and around the form. The 
spindle is on a movable carriage 
so that it can be withdrawn hori- 
zontally for easy access to the man= 
drel and simple part handling. | 


Improvement in integrity 
of raw material 


A distinct advantage of this tech- 
nique is the potential improvement 
in the integrity of the raw material, 
Parts subject to extreme bursting” 
or surface pressures in their appli- 
cations may be thinner-walled and 
therefore lighter than before. : 

For the Marquardt -acceptance 
tests, an inlet lip skin was made 
from one-inch-thick 321. stainless, 
with 50 per cent wall reduction in” 
one pass. Acceptance tolerance on 
wall thickness was +0.004 in. Five 
consecutive parts were made with © 
each slide working from its own 
template and another five with both — 
slides working from a single tem-— 
plate. All ten parts passed the ac- 
ceptance tests. 

In addition, titanium alloys and 
hot work die steels (such as the 
5Cr series) have been formed. Still 
other hard-to-form materials should 
be formed by spin forging in the 
future, engineers told SPACE/AERO- © 
NAUTICS, 

The quality of the finished part — 
is improved during the spin forge’s 
roll forming by orientation and re-— 
finement of the metal grain. The ~ 

more on page 74 
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V K _acft INDUSTRIES | 
bis AVION DIVISION 
LITARY * INDUSTRIAL 


uipment and Components « 11 Park Place, Paramus, N. J. 
C f -pivisions: AMERICAN CAR AND FOUNDRY. AVION. NUCLEAR 
FOREMOST ‘IN -AVIONICS 


ODUCTS—ERCO. CARTER CARBURETOR. SHIPPERS CAR LINE. W-K-M. 


SPIN FORGING... 


grain, in effect, is caused to flow. 
Flow line and characteristics are 
changed to such an extent that bet- 
ter alignment results. Metallurgi- 
cally, the grain condition of forging 
is obtained with close tolerances 
that eliminate the need for finish- 
machining. 

Dan. W. Burns, Hufford presi- 
dent, cites the forming of a torus 
(curved) bulkhead made from 
4130 steel with a tapered wall 
thickness from 9/16 to 0.1 in. as 
an example. The metal was in fully 


spheroidized annealed condition, 
and before roll-forming it had a 
tensile strength of 80,000 psi, with 
a hardness of 90-96 Rockwell B. 

After forming, the material in 
the part had 160,000 psi in tensile 
strength, grain elongation of 4-6 
per cent, and 35-37 Rockwell C 
hardness. Also, the surface finish 
of a roll-formed tubular part will 
be about six uin. inside and 40- 
60 uin. outside. 

Furthermore, Burns adds, the 
tubular central section of the pres- 


*SIERRA CREW AND 
PASSENGER MASKS 
COMPLY WITH CAA 
REGULATIONS 


In case of emergency, - = 


crew and passengers ‘ 
DEPEND on SIERRA 
personal emergency oxygen equipment* 


Crews and passengers alike on many 
of America’s new jetliner fleets will 
depend on Sierra Personal Oxygen 
Equipment—in case of emergency. 
Pioneer in personal oxygen gear, 
Sierra has produced a new and unique 
system which enables crew members 
to be individually fitted with a com- 
paratively inexpensive oronasal mask 
which remains their personal property. 
The breathing tube, with microphone 
and valves remains permanently in 


Passenger Mask 


the aircraft. In operation, the crew 
member simply attaches his mask to 
the breathing tube by means of a 
bayonet connector. An inexpensive, 
simple, yet effective breathing bag 
and universal face cup arrangement 
efficiently provides for passengers in 
case of emergency. You are invited 
to write for complete information. 
A technical paper reprint on oxygen 
mask suspension will be included. 


123 E. Montecito Sierra Madre, California 


Write in No. 10 on Reader Service Card at start of Product Preview Section 


sure vessel or casing, common to 


most propulsion units, generally is 
made with the wrap - and - weld 
method. With this method, a unit 
100 in. long and 50 in. in diameter 
has a usual production cycle of 
four hours. 


“Finishing’’ would take 
only 45 minutes 


Roll forming of this piece on the 
spin forge would take about five 
minutes and handling time. The 
tube would be made by placing a 
“doughnut”, or ring of metal, con- 


_ taining enough material to make 


the entire piece on the spin forge 
mandrel. By using the work force 
of the machine, the metal would 
be made to flow vertically. 

A ring 25 in. in height and with 
3%4-in. wall thickness (50-in. ID) 
would be used to make a finished 
piece 100 in. high with 3/16-in. 
wall thickness. The only “finishing” 
required, before the piece could be 
joined to other sections of the pres- 
sure vessel, would be machining of 
the open ends, an operation requir- 
ing about 45 minutes. 


Fewer welds are needed 
with spin forging 


A key factor from the stand- 
points of cost and quality of the 
finished part is the elimination of 
the longitudinal weldments and the 
decrease in the number of trans- 
verse welds generally associated 
with parts made by the warp-and- 
weld method. By eliminating ma- 
jor weldments in the tubular sec- 
tions, the spin forge eliminates pos- 
sible points of failure. 

Another part was made from a 
9/16-in. flat plate of 6061AI1(TS5). 
It was formed in three passes—the 
first loose, the second to 0.04 in. 
tolerance (and followed by solution 
treatment to the W-condition), and 
the third tight to the mandrel. The 
final part was 1734 in. deep and 
had a six-inch maximum diameter 
and a wall thickness of 0.125 in. at 
the top and 0.190 in. at the other 
end. The minimum wall so far 
drawn with the spin forge is 0.06 in. 

Two more spin forge units are 
being made. One will be delivered 
to General Electric for the roll- 
forming of jet engine turbine shafts 
and other parts; the other will be 
used by Hufford to form 72-in.- 
diameter parts of surface-of-revo- 
lution shapes. Write in No. 69 on 
the Reader Service Card for more 
information.—End 
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| Bie eles Cea Wherever instruments are used within a partial vacuum, 
inert gas, or a constant or céntrolled pressure, use... 


MS type. Available in ilar 4 
many layout arrangements < 


: icke's famous experiment with : 
or “Magdeburg Hemispheres” which 
ired 16 * aH ‘apart durin 


Hermetically-sealed 
sub-miniatures 


DPSH : eas Cannon pioneered the first successful hermetically sealed connector more than nine years 
- ago...and since then has continually refined arid expanded the line. All have special steel 
contacts and steel shells. Glass insulation. . tie to both contacts and shell for a perma- 


nent seal... permits the use of highest conductive steel contacts compatible with any glass 
fusing operation. Cannon glass insulated connectors will successfully withstand continuous 
operating temperatures up to 500°. And for short periods of operating time they will with- 
stand much higher temperatures. 

Cannon hermetically sealed connectors are manufactured to our own commercial speci- 
fications. In general, however, voltage ratings approximate Service A of Specification MIL-C- 
5015C. Salt spray, shock, and vibration characteristics are all approximately within the 
requirements of MIL-C-5015C. Mating aaa meet MIL-C-5015C exactly. These con- 


Designed for high altitude 
and vibration applications 


nectors have consistently been contractually approved for military installations. 


Hermetically-sealed Series available include:;GS (MS type), KH, RKH, KH miniature, BFH, 


DH, MCH, DPAH, DPSH and DPXH. 


For an interesting discussion of | 
the broad subject of “‘Reliability;’ | 
write for Cannon Bulletin R-1. 
WHERE RELIABILITY IS THE '" DIMENSION 
| Ws, v, A ¢ 
Men i 8 < 
| “So, %, 8 Ss 
: ( XS. 64 mal ka Se 
Write for 44-page, 2-color \ cannon | * “hy oe 
Plug Guide, Bulletin CPG-3 Please refer to Dept. 115 % 3 


_ GANNON ELECTRIC CO., 3208 Humboldt Street, Los Angeles 31, California « Factories In Los Angeles, Salem, Massachusetts, Toronto, Melbourne, 
London. Manufacturing licensees in Paris and Tokyo. Representatives and distributors In all principal cities, See your Telephone Yellow Book, 
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THE MINGCOM STORY: One of a series 


Model ¢cv-100 


RECORDS / REPRODUCES SEVEN 


The new Model CV-100, another ‘first’ in the field for 
MINCOM Division of Minnesota Mining and Manufac- 
turing Company, is designed for the recording and 
reproduction of extremely complex video, radar and 
other electronic signals of frequencies from 400 cycles 
up to 1.0 megacycle. 

Model CV-100 records and reproduces these signals 
on seven tracks, using SCOTCH Brand % inch mag- 

netic tape. Tape speed of 120 ips, plus specially- 

designed recording and playback heads, make possible 
a reliable frequency response at extreme band widths. 
Any thickness of SCOTCH Brand tape from 0.75 mil 
to 1.5 mil (backing thickness) can be used with no 
degradation of performance. 

Write or wire MINCOM for complete specifications 
or ar 


400 cycles to 1 megacycle 
+ 3 db (each track). 


© .1% peak, measuring all components 
*_from_ 0.1 cycle to 4,000 


2049 South Barrington Avenue, Los Angeles 25, California 
Teletype: West Los Angeles 6742 


TViinnesora TViinine AND TVIANUFAcTURING COMPANY 


eco WHERE RESEARCH IS THE KEY TO TOMORROW 
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ONE-MEGACYCLE VIDEO CHANNELS 
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_ External wire fins for 


Space/Aero Engineering 


Accessory Systems 


compact missile heat exchangers 


With weight an even more criti- 
cal factor in missile design, 
every subassembly must be 
rigorously examined and re- 
examined to obtain top effi- 
ciency. Here’s one promising 
new approach to provide lighter 
and more efficient missile heat 
exchangers. 


E-xrernac surface area is a 
critical item in designing heat ex- 
changers for missile fuel systems— 
it determines how fast heat is trans- 
ferred into the exchanger tubes 
from the external medium (see 
Schematic). But how can it be 
made large enough without raising 
weight and size problems? A prom- 
ising solution to this puzzle has 
been developed by Technical Prod- 
ucts Div., Waste King Corp., 5550 
Harbor St., Los Angeles, Calif.— 
attaching wire or punched-disk as- 
semblies to the outside of the heat 
exchanger tubes. 

This approach resulted from a 
company study that indicated that 
brazing ‘conventional spun-or upset 
fins or similar units to the tube did 
not provide enough area. Waste 
King’s engineers then came up 
with the idea of coiling wire in an 
oblong shape, wrapping it around 
the outside of the tube like a spring, 
and brazing it on. 

This method, Boyd T. Marshall, 


ion” 


LOX TANK 


CHAMBER 


! 
LOX PUMP i 


ROCKET 
MOTOR 


COMBUSTION 


TURBINE 


HIGH PRESSURE LOX 


PRESSURE ——> 
REGULATOR 


GASEOUS OXYGEN 


~—HEAT EXCHANGER 


TURBINE EXHAUST 


HEAT EXCHANGER installation in typical liquid propellant 


rocket. 


vice president and technical man- 
ager of the Technical Products 
Div., told Space/ AERONAUTICS, 
provides very large external surface 
areas. It also automatically pro- 
vides for external flows going either 
lengthwise or crosswise. 

For most of the present work, 
pure copper wire—nickel-plated for 
corrosion resistance—is brazed to 
321 stainless steel. External-to-in- 
ternal surface ratios as high as 20 
have been provided, though in 
most instances ratios of 16 proved 
enough. The coil wire, chief engi- 
neer A. J. R. Schneider told 


SPACE/ AERONAUTICS, is extremely 
useful wherever the external film 
coefficient is very low and the in- 
ternal one is high. 

An alternative method was also 
devised, using series of punched 
disks. Each disk has a little upset 
collar with a thin slit in it that 
separates each disk from its neigh- 
bors. This setup, engineers state, 
provides a continuous copper coat- 
ing at the tube level that distributes 
heat along almost 100 per cent of 
the surface area, providing uniform 
heating of the basic steel wall. An 


more on nex? page 
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In tubing, glass and asbestos tapes and 
fabrics, and tadpole gasketing, three 
coating materials provide separate ad- 
vantages for the aviation industry: 


"Teflon’’*—offers amazing resistance to 
abrasion, is nonadhesive, and cannot 
be harmed by any known solvent. Tem- 
perature extremes have little effect on it. 


Neoprene—R/M Neoprene coated asbes- 
tos textiles stand up to a temperature 
of 2000°F for 15 min. without sign of 
flame penetration. Formulated in a 
wide range of hardness and density. 


Silicone Rubber—excellent performance 
under temperature extremes. Does not 
become either brittle or gummy and 
has exceptional resistance to aging, 
compression set and chemicals. 


R/M products coated with one of these 
materials mean greater safety in the air 
and on the ground. “Teflon” impreg- 
nated tubing is widely used as a pro- 
tective covering for battery cables and 
fire detection wire; Neoprene coated as- 


bestos fabrics for firewalls; and silicone - 


rubber tadpole tapes for jet engine 
compartment and door seals. 


R/M engineers have amassed a 
wealth of experience in manufacturing 
packings and gasket materials to satisfy 
the exacting and varied requirements 
of the aviation industry. This experi- 
ence is at your disposal—call on R/M, 
whatever your packing needs. 


*A Du Pont trademark 


PACKINGS 


RAYBESTOS-MANHATTAN, INC. 


PACKING DIVISION, PASSAIC, N.J. 
MECHANICAL PACKINGS AND GASKET MATERIALS 


RAYBESTOS-MANHATTAN, INC., Mechanical Packings * Asbestos Textiles e Industrial Rubber Engineered Plastics 
Sintered Metal Products Abrasive and Diamond Wheels Rubber Covered Equipment e — Brake Linings 
Brake Blocks Clutch Facings e Industrial Adhesives Laundry Pads and Covers « ~ Bowling Balls 
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HEAT EXCHANGER . . . 


ia 


HEAT EXCHANGER in production for 
missile powerplant system (top) 
weighs 37 Ib and is 26 in long. 
Proposed replacement using wire fin | 
assembly (bottom) weighs only 10144 — 
Ib, with a length of about 16 in, | 


edgewise method of attaching the — 
disks, they point out, would result _ 
in concentrations of heat. The max- 
imum external-internal surface ra- - 
tio obtained so far is 10. 

Higher surface ratios than those 
achieved so far could be obtained 
with both types of fin designs. 
However, a limit is set, says Schnei- } 
der, by the ratio between the film 
coefficient on the outside surface 
and the thermal conductivity of 
copper. You could conceivably get 
ratios of 30 or 40, but the ques- 
tion is then whether the heat could 
actually be transferred from the 
outer part of the wire or disk to — 
the lower part. Weight is another — 
factor—for extreme ratios, the | 
problem arises as to how much — 
good the extra material does as 
against its extra weight. 


Ms 


Wire fins are better 
for high ratios 


Which of the two designs deme 
veloped by Waste King should be 
used in a specific case depends on 
the properties of the two fluids in — 
question, engineers note. When a 


more on page 80 


What the eye would see on the other side of the moon has intrigued and defied the imaginations of scientific 
minds for centuries. But there’s another way to look at moon trips—from a very much down-to-earth point 
_of view. The Space Age ‘ built upon the ne Pep lives OF ierican selgnuists and capers 


import “of his achievement. ‘The Telecomputie 


divisions, has contributed significantly to ad 


problems. Write today for your copy 


DIVISIONS AND SUBSIDIARIES 
OF TELECOMPUTING CORPORATION 


BRUBAKER ELECTRONICS An R & D leader in the field of ground 
and airborne IFF components, test & checkout equipments — 
IFF systems analysis —Air Traffic control systems —radar bea- 
conry —detection equipments. 


WHITTAKER GYRO Leading producer of electrically driven and 
spring-wound free gyros, rate and floated rate gyros for 
advanced missile systems —rate of roll, pitch, and yaw indica- 
tors for manned aircraft—bank and turn indicators. 


DATA INSTRUMENTS Pioneers in equipments for fast and accu- 
rate analysis of test data, with automatic recording of punched 
cards, tapes, or printed lists—for aircraft and missile flight 
tests, industrial and scientific applications. 


ENGINEERING SERVICES Specialists in rapid, accurate reduc- 
tion and evaluation of military and commercial data. Currently 
handling data peaueten for daily missile firings at Holloman 
Air Force Base. 


WHITTAKER CONTROLS The largest developer and builder of 
custom-built high-performance hydraulic, pneumatic, and fuel 
valves, controls, and regulators for advanced missile, aircraft, 


and industrial applications. 


NUCLEAR INSTRUMENTS Designers and builders of high quality, 
reliable equipments for prelaunch checkout and testing of 
“nuclear special weapons, 


TELECOMPUTING CORPORATION 
915, North Citrus Ave., Los-Angeles 38, California 
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SERIES 200 SINGLE POINTER INDICATOR 
For applications requiring accuracies and res- 


olutions of less than .2% and high speed 
of response. 


SERIES 200 DUAL POINTER INDICATOR 


For high resolution and accuracy application 
where readability and dynamic response are 
important. 


SERIES 300 DIGITAL DISPLAY INDICATOR 
For highest accuracy ard resolution. 


ae 
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HEAT EXCHANGER... | 
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OBLONG shape of external wire fin 
assembly developed by Waste King’s - 
Technical Products Div. is shown in 
this view of 1014-lb heat exchanger. — 


high area ratio is not needed, the 
disk type might be better because 
it’s more economical. 

Waste King’s methods, it’s. 
claimed, permit the design of very 
compact heat exchangers. For ex- 
ample, one current production heat 
exchanger using plain tubing is 26 
in. long and weighs 37 lb. A pro- 
totype redesign of this unit for wire 
fins is said. to provide the same 
thermodynamic performance for a 
length of only about 16 in. and ao 
weight of 10% Ib. 

In the overall exchanger design, 
environmental properties must be 
considered as carefully as thermo- 
dynamic ones. The engine gives out 
a tremendous amount of airborne 
noise. This noise contains just 
about every possible frequency so” 
far as sound is concerned. As a re- 
sult, lightweight structures must be 
carefully designed to prevent fa- 


_ tigue or cracking under vibration. 


The answer to this, Waste King has 
discovered, is primarily one of de- 
tail design: proper ways of making 
welded joints to prevent fatigue, 
proper ways of supporting the coil 
system, etc. 


Close quality control 
is needed 


This particularly involves prob- 
lems of quality control, Schneider 
states. In building leak-free units, 
engineers presently find the most 
serious problems to be in the parent 
metal, since welding methods have 
been devised to eliminate welding — 

more on page 8&2 
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Snap-Tite valved couplings stop flow instantly’ 


Snap-Tite provides instant shut-off wherever fluid coupling is needed. 


Snap-Tite valved couplings connect and disconnect quickly and fully—they auto- 
matically open line flow when connected; positively seal your line when discon- 
nected—with no “‘ifs,’’ no chance for human error. 

Snap- Tite couplings are available in sizes from 14’ to 6” ID, in steel, brass, alumi- 
num, 303 ss and 316 ss. Sizes from 6” to 10’ ID are available on special order. For 
more information, write for Snap-Tite catalog 58. Snap-Tite representatives are 
located in all principal cities. 


SNAP-TITE COUPLINGS CAN HANDLE ALMOST ANYTHING THAT FLOWS 


* 


Provided with valves\to give 
two-way or one-way automatic 
line shut off. 


Built to handle high pressure’ 
hydraulic and pneumatic systems 
. geere SNAP-TITE, INC. * UNION CITY 14, PA. 
May 1959 Write in No. 16 on Reader Service Card at start of Product Preview Section 
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precision fasteners 


In the unknown reaches of outer space... where 
accuracy and dependability count ... you can 
count on precision-made Chandler fasteners for 
maximum resistance to vibration, fatigue and 
high temperatures. 


Made from high carbon, alloy, super-alloy and 
stainless steels, Chandler cold-rolled fasteners 
are checked at every phase of production to 
assure absolute uniformity and conformity to 
customer specifications. For the aircraft indus- 
try Chandler produces high quality “AN”, 
“NAS” and special aircraft engine bolts to 
meet individual requirements. 


If you are looking for fasteners at a realistic 
price to meet your very special requirements, 
write us today. 


8476-CH 


Write today 
for your copy of 

CHANDLER PRECISION 
FASTENERS 


LHANDLEN 


chandler 
products corporation 


1493 Chardon Road e Cleveland 17, hie,’ 
Write in No. 17 on Reader Service Card at start of Product Preview Section 
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INTO THE BLUE 


EAT EXCHANGER ... 


_, PUNCHED-DISK ‘fin assembly shown 


| “here is alternate method devised by 
4 


“Waste King. 


defects. The process used is basic- 
ally shielded-arc (Heliarc) with 
‘ argon gas—but with step-by-step 
care and attention to detail. A 
prime requirement here is having 
welders with excellent technique. 

Precise testing methods are also 
needed. Waste King can detect 

.Jeaks on the order of oo cu in./- 

--min: when the internal pressure is 
3000 psi helium. Basically, a sub- 
‘merged test in a tank filled with wa- 

. ter and detergent is used. However, 
a great deal of the answer lies in 
correct preparation for the tests. 

Numerous tests are run on as- 

»semblies during fabrication. Exper- 
ience so far has shown few defects 
‘in the tubing. The main problem 

has been flaws in fittings made out 

of bar stock or in plates. Whenever 
tests indicate a defect, the part is 
welded up immediately. 

Waste King buys the wire for 
its heat exchangers but does its own 
coiling. Careful attention is also 
needed in brazing the wire or disks, 
since pure copper tends to alloy 
with many brazing alloys. Here 
again, say engineers, it’s a question 
of the right kind of preparation, of 
fluxes and detail as well as close 

~ quality control. 

Work is also proceeding on sys- 
tems to take a full internal pressure 

- of 3000 psi at 1000 deg F. Differ- 
ent wire or disk material must be 
used, for copper won’t take such 
high temperatures. ; 
- To give some idea of the design 
parameters of the new Waste King 
cheat exchangers, Schneider re- 
vealed one point on the efficiency 
curve: For a wire-fin type with 
copper wire at an external-internal 
surface ratio of 16 and an external 
film coefficient of 50 hr/sq ft/deg 
F, fin efficiency is 90 per cent. 
Write in No. 75 on Reader Service 
Card for more information—1IS 
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TEMPERATURE 
CAPACITORS 
BY BENDIX 


Scintilla Division of Bendix developed and has in pro- 
duction the #-315 family of #-nvironmental resistant 
capacitors to aid in satisfying the fast growing require- 
ment for high temperature components in the high 
speed aircraft and missile fields. 

The E-315 capacitor offers proven stability of oper- 
ation over the temperature range of —55° to +315° 
Centigrade* with no voltage derating and low capaci- 
tance variation. Of rugged hermetically sealed con- 
struction and nonstrategic materials, this capacitor is- 
built for high altitude and severe environmental. 
operation. 

This nonpolarized capacitor is available in a variety ' 
of sizes in a capacity range of from 0.05 to 4.0 micro- 
farads at 600 VDC. It is also available in higher voltages 
ratings. Performance data and operating characteristics 
are given in.Téchnical Bulletin SL-61 which is supplied , 
upon request. 


*Confirmed by qualification test of 1000 hours at 100% rated 
voltage over ambient temperature range of —55° to +315° C 


S 


_ DESIGN FEATURES — nis wees 
Temperature Range... . —55° to 4+315°C.. (Gscoetinee! wean 
~ 0005 to 4.0 uf at 600 VDC. Voltage Range. . . 600 V to 3000 V 
per section. No Voltage Derating, Low Capacitance and Power 
Factor Variation, Environmental Resistant, Hermetically Sealed, Bae 
Rugged Construction, Nonstrategic Materials, Minimum Size. Se 
and Weight, High Altitude Operation. 


$ 
~ 


Scintilla Division Braud 


x AVIATION CORPORATION 
Sidney, New York 
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Second by second, higher-order performance is re- 
quired of today’s missile design—even as tempera- 
tures and loads are on the increase geometrically. 


These are familiar problems to Shafer Engineers 
who have pioneered in the research and develop- 
ment of bearings to meet these higher-order require- 
ments on many of today’s outbound missiles. For 
example, Shafer research on the coefficient of expan- 


sion of materials—and the many other physical prop- . 


erties at elevated temperatures—establishes Shafer 
as a leader in high-temperature bearing design. 


The famous exclusive design features that have 
made Shafer first choice for the toughest bearing 
applications in the airframe industry—greater capac- 
ity for its envelope dimensions and weight... 


integral self-alignment with full capacity... greater 
resistance to shock loadings and vibrations—may 
provide the answer to your missile control system 
bearing problems. 


The time for you to draw on Shafer experience is 
now—before you lay in bearings on your latest 
missile design. And remember, too, Shafer advan- 
tages can provide important answers to’ bearing 
problems on ground support equipment as well as 
the “birds” themselves. Before you lay beatings in— 
call on Shafer experience. 


Shafer Bearing Division, CHAIN Belt Company, 
Downers Grove, Illinois. 


=| N 1 ® 


BEARINGS 


CHAIRNI BELT COMPANY 
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NEW room-temperature vulcanizing silicone rubber from 
GE is applied as sealant (left) around the hot-air ducting 
used for de-icing the leading edge of the DC-8 wing. 
Right: Rigid metal duct and flexible connectors used on 


Materials 


the DC-8 to carry hot air for cabin heating, de-icing, etc. 
The duct is covered by a blanket of glass-cloth-reinforced 
silicone rubber. RTV silicone rubber is used to seal the 
seams and the ties at the end of the blanket. 
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_ New silicone rubbers 
meet tough DC-8 specs 


A host of new sealing problems has been raised by the first gen- 
eration of new jet transports. Here is a report on a variety of new 
silicone rubber compounds that had to be developed for the DC-8 


and on their application. 


by R. T. Daily and R. W. Scholler 


Silicone Products Dept., Chemical & Metallurgical Div., 
General Electric Co. & Semco Research, Inc., resp. 


Tue Douglas DC-8 jet airliner 
uses many silicone rubber parts of 
entirely new design and made from 
new materials developed to Doug- 
las’ specs. <i} 


* Silicone Products Dept., Chemical & 
Metallurgical Div., General Electric Co., 
_Mechanicville Rd., Waterford, N.Y. 


One problem the DC-8 designers 
faced was the lack of a suitable ma- 
terial for fillet and faying sealing. 
Organic elastomers, commonly 
used as sealing materials, could 


. withstand neither the skin temper- 


atures nor the temperatures around 
hot air ducting. 


Silicone rubber room-tempera- 
ture vulcanizing (RTV) materials 
available at the time had the needed 
heat resistance but not the physical 
properties or high bond strength 
required on the DC-8. Douglas 
therefore called on GE’s Silicone 
Products Department to develop a 
material that would meet its re- 
quirements. The result was a new 
line of RTV silicone rubber com- 
pounds that more than met the 
specs. 

The new products have almost 
twice the physical strength of pre- 
viously available RTV silicone com- 
pounds. They can be bonded to 
aluminum or other metals with a 
strength exceeding their own cohe- 


more on next page 
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DOOR and hatch seals made of high 
strength GE silicone rubber are used 
extensively on the DC-8. 


sive strength. In addition, they have 
excellent heat resistance and more 
than adequate resistance to com- 

mon aircraft fuels and fluids. 
The new compounds are used ex- 
tensively in the DC-8 for sealing 
and caulking on the interior of the 
wing leading edges, on hot air duct- 
ing, around radome noses, etc. For 
these RTV compound applications, 
Douglas developed new production 
methods, using equipment designed 
more on page && 


SPACE/AERONAUTICS 


NOTABLE ACHIEVEMENTS AT JPL... 


JPL PIONEERING CONTINUES WITH | 
THE LAUNCHING OF THE FIRST \ 


SUCCESSFUL AMERICAN MOON PROBE 


\ 
\ 


\S 


The JPL tracking station at Goldstone 


Early on March 3, 1959, Pioneer IV 
space probe was launched from Cape 
Canaveral, Florida to become America’s 
first deep-space vehicle capable of 
escaping the earth’s gravitational pull. 
On its way past the moon and out into 
orbit around the sun, this new man-made 
planet sent back valuable information on 
the radiations present in space. Several 
Free World tracking stations clearly 


in the Mojave Desert in California 


received its transmitted signal and 
helped to establish its distance, velocity, 
and direction. 

Under the sponsorship of the National 
Aeronautics and Space Administration, 
JPL designed and built not only the con- 
ical payload of Pioneer IV but also 
the three upper stages of the Juno II 
launching vehicle, containing new high- 
performanceJPLsolid propellant rockets. 


@ 


ih 


Over a year ago the same JPL team, 
in.cooperation with ABMA, gave America 
its first earth satellite, Explorer |, using a 
similarly reliable vehicle—the Jupiter C. 

Now, more advanced space vehicle 
programs are under way at JPL — pro- 
grams which include development of 
guidance and propulsion systems for 
accurate maneuvers many million miles 
from the earth. 


CALIFORNIA INSTITUTE OF TECHNOLOGY 


JET PROPULSION LABORATORY 


A Research Facility of the National Aeronautics and Space Administration 


OPPORTUNITIES NOW 
OPEN IN THESE FIELDS 


May 1959 


APPLIED MATHEMATICIANS 


PASADENA, CALIFORNIA 


> PHYSICISTS » SYSTEMS ANALYSTS © CHEMISTS + 1BM-704 PROGRAMMERS 
ELECTRONIC, MECHANICAL, CHEMICAL, PROPULSION, INSTRUMENTATION, MICROWAVE, AERONAUTICAL AND STRUCTURAL ENGINEERS 
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CUT DOWNTIME TIE-UPS 


New Snap-on 
5232 GS-BB set 


This big, new Snap-on® set puts 
232 of the most used wrenches, 
sockets, screwdrivers and 
other tools right at a me- 
chanic’s finger tips — gives 
him a real tool layout 

that gets idle equipment 
back into action fast. __ocoMee 


IT’S PORTABLE! Roll the 
complete unit around the 
shop — load any section or 
all of it on a pickup 
truck for transport to 
the job site. 


IT’S FLEXIBLE! 

Get any part of the 

set or make substitu- 
tions either in tools 

or the drawer combina- 
tions to fit your own needs. 


IT’S IMMEDIATELY 
AVAILABLE — wherever 

you are! With 58 branch 
offices throughout the U S. and 
Canada. you can get this set or any 
other Snap-on tools on short notice. 


IT’S EASY FOR MECHANICS. TO OWN! 
If you want your mechanics equipped with this 
set, show them this ad. Convenient credit terms make it easy to own. 


Don’t let lack of the right tools jam up your repair schedules. This 
5232 GS-BB set gives you a range of tools and tool sizes to service 
both light and heavy equipment. And, top-quality Snap- -on tools have , 
the feel, fit and long life that run-of-the- mull tools can’t begin to match. — 


Get full details about this set.from your Snap-on man. 


Cc oO R P AQ RA TF 


SNAP-ON TOOLS 


8080-E 28th Avenue ® Senta. we 


SILICONE RUBBERS... 


by Semco Research, Inglewood, 
Calif. 

The ,compound is catalyzed by 
machine mixing. It is placed in 
plastic cartridges, which then are 
stored in refrigerated containers 
to retard the curing action of the ~ 
catalyst. Workmen withdraw the 
cartridges as needed and _ insert 
them in specially designed pressure 
guns for application. 

As soon as the RTV compound | 
returns to room temperature, cur- — 
ing takes place at a rate determined — 
by the type and amount of catalyst 


_ased, Plastic cartridges and nozzles — 


for the pressure guns are discarded — 
after use. ‘ 

RTV silicone rubber is only one © 
of many new silicone materials 
used on the DC-8. Door and hatch 
seals, which must retain their flexi- 
bility at —65 F, also had to be 
made from silicone rubber. But 
Douglas was not satisfied with the 
physical strength of the available 
products. To keep down mainten- 
ance costs, it wanted more rugged 
seals. 

Fortunately, another break- 
through provided the needed mater- 
ial when GE introduced the new 
SE-555 high strength silicone rub- 
ber. This material is used through-_ 
out the DC-8 for seals and gaskets. 
For pressure seals, SE-555 is cal- 
endered on both sides of a Dacron* 


” fabric, the seals are then made to 


shape. Designed by Douglas and 
made by Los Angeles Standard 


-Rubber, this construction provides 


a flexible seal with a physical 
strength not available before. 

Great quantities of hot air are 
needed for heating the cabin and 
de-icing on a plane as large as the © 
DC-8. All flexible ducting and con- 
nectors are glass-fabric-reinforced 
silicone rubber, which prevents 
fatigue failure from vibration,’ a 
problem with flexible metal ducts. 

GE’s SE-701 silicone rubber was 
chosen for this because of its heat 
and flame resistance. For added 
safety, Douglas also came up with 
a new concept in duct design. 

The flexible connectors are of 
double-wall construction. Either 
wall has more than enough strength 
to withstand the required air pres- 
sure. The connectors have indica- 
tors to warn of inner-duct failure, 
so a faulty unit can be replaced 
immediately. 

The double wall also reduces 


* Registered trademark, E. I. du Pont de 
Nemours & Co. 


more on page 90. 
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Booster pumps, transfer pumps, shutoff valves, selector valves, 
regulators... In the complex fuel-control system of a supersonic 
aircraft or missile, not only must each component be individually 
flawless, but all must function perfectly together. 

Hydro-Aire not only makes individual components of unexcelled 
accuracy and precision, but offers unrivalled experience in design- 
ing and combining system components in smoothly integrated 
packages. 

Whether your problem involves Avgas, HEF, or other exotic fuels, 
when pumps and valves and motors and other components must 
function as a team, let us call the signals. 


Producing Controls for Every 
Basic Airborne System 


**T was afraid it would come to this.”’ 


Ground Power Problems? 
eee Here is the Answer! 


Whatever your requirements in 
400 cycle ground power equip- 
ment, E-M’s large staff of spe- 
cialists, with unmatched 400 
cycle generator experience, can 
help. Missiles and jet aircraft 
that now have the advantages of 
E-M’s imaginative engineering 
of 400 cycle ground power gener- 
ators include Titan, Nike-Her- 
cules, Snark, Matador, Hound 
Dog, B-47, B-58, and B-52. 


FREE 28-PAGE ILLUSTRATED BOOKLET offers 
many answers to your 400 cycle ground power ques- 
tions. Write the factory for a free copy of “ABC of 
400 Cycle Generators and Their Control”. It’s packed 
with useful information about performance charac- 
teristics and mechanical construction of 400 cycle 


ground power generators. 


 3600-TPA-2220 


Designing and building 400 cycle 
generators to meet the exacting 
requirements of missile and jet 
applications requires a big in- 
vestment in experienced, tech- 
nical manpower and plant facili- 
ties. Ask your nearby E-M Field 
Engineer to show you his copy of 
“Ground Power for Space’’. It’s 
an informative picture story of 
E-M’s investment in your 400 
cycle ground power needs. 


ELECTRIC MACHINERY MFG. COMPANY 


Minneapolis 13, Minnesota 
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SILICONE RUBBERS .. . 


heat. loss. For this reason, a similar 
design was used on the rigid duct- 
ing. Covers of glass-cloth-rein- 
forced silicone rubber are wrapped 
around the ducts and joined and 
secured with RTV silicone rubber. 
Aircraft designers may expect 
soon such advances as the recently 
announced nitrile silicone rubber, 
with outstanding resistance to com- | 
mon fuels and lubes; new aircraft 
wire construction taking advantage 
of the flexibility, heat resistance, 
and improved physical strength of 
new silicone rubbers; as well as a 


“broader line of high strength rub- 


ber compounds. Write in No. 74 on 
Reader Service Card for more in- 
formation.—End 


_books 
QQ, 0] "”D»7F?F?£2xt QQ; (QQ ny 


Fundemcien of Advanced Mis- 
siles, by R. B. Dow. Dr. Dow, 
Aeronautical Research Administra- 
tor, Air Force Office of Scientific 
Research, here emphasizes basic 
principles that can be used to esti- 
mate the performance of guided 


» and ballistic. missiles and space- 


craft. Subjects include properties of 

microwaves, application of infrared 
radiation, radar, dynamics, fluid 

mechanics, etc. John Wiley & Sons, 

Inc., 440 Fourth Ave., New. York 

16; Nivy/-S11-75: 


Analysis & Design of Aircraft 
Structures, Volume I, by E. F. 
Bruhn, assisted by A. F. Schmitt. 
This first volume of the 1958 re- 
vised edition of Bruhn covers anal- 
ysis for stress and strain, Volume 
II, which is in preparation, will 
cover strength analysis and design. 
Tri-State Offset Co., Cincinnati 2, 
Ohio. $8.75. 


Nuclear Rocket Propulsion, by 
R. W. Bussard & R. D. DeLauer. 
Written by two Los Alamos scien- 
tists, this book is designed to bring 
together the technolegy of the re- 
actor physicist and engineer with 
that of the space-missile designer. 
System analysis, materials and 
structures, and rocket performance 
are some of the subjects covered. 
McGraw-Hill Book Co., Inc., 330 
W. 42nd St., New York 36, N.Y. 
$10. 
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THE HI-LOK AUTOMATIC FEED DRIVER, FITTED TO 
“AN INGERSOLL-RAND AIR MOTOR, ASSEMBLES UP 
~~ TO 200 COLLARS ONTO HI-LOK PINS WITHOUT RE- 
_ LOADING. ASSEMBLY RATE: UP TO 45 PER MINUTE. 


FASTENER 


PER 
MINUTE 
HI-LOK 1S BEING ASSEMBLED UNDER WING RIB_IN 


EXTREMELY. TIGHT QUARTERS USING A HI-LOK 20° 
“RATCHET WRENCH ATTACHMENT AND KELLER AIR 


MOTOR 5), 


HI-LOK IS BEING INSTALLED WITH LIGHTWEIGHT TOOLING IN PLANK SPLICE OF ELECTRA “WET’’ WING. 


AUTOMATION OF FASTENER 
INSTALLATION SPEEDS 
ELECTRA ASSEMBLY TIME 


WRENCHING END OF HI-LOK COLLAR  AUTO- 
MATICALLY TORQUES-OFF WHEN DESIGN PRELOAD 
CONDITION 1S ATTAINED DURING ASSEMBLY. 


Automatic assembly of high strength Hi-Loks up to 45 per 
minute, is one of many producibility factors which enables 
Lockheed to produce a finished Electra in only 88 days. 


The Hi-Lok, because of its collar torque-off feature to auto- 
matically obtain a preload consistent within +10%, is 
installed quickly and quietly with standard high speed air 
drivers. Torque wrench inspection is eliminated. 


Manufactured in standard and precision tolerances for in- 
terference fit hole conditions, Hi-Loks come in a variety 
of material combinations where temperature resistance, 
high strength and weight reduction are design factors. 


Contact your Engineering Standards Group for complete data on 
the new Hi-Lok fastener... or write to us. 


TRADEMARK REGISTERED, U. S. AND FOREIGN PATENTS APPLIED FOR 


mwa, roo, ciaurs,cooext, ot (Mma NY 
; IN. WING FRONT is , Zs 

WITH HIELOK ADAPTOR TOOLING COMBINED WITH “Ti Vi) ShlCitl” RANET TOOL COMPA 
ale aed ph MOTOE. NI 2600 WEST 247TH STREET, TORRANCE © CALIFORNIA 
ae 
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Name your weapon—Jupiter C, Polaris, 
Talos, Discoverer, Falcon or Bomare. 
All make extensive use of elevated 
temperature magnesium alloys. Im- 
proved resistance to creep, increased 


3 i MAGNE SIUM ALLOYS stiffness and strength and exceptional 


shop characteristics are the long suit 


a comparison: 


for elewated of these materials. At elevated tem- 
: a ; peratures they maintain a high ratio of 
p temp erature Ss ervic e fatigue strength to static strength. 


(About the same ratio as standard mag- 
nesium alloys at room temperature.) 


: og SHEET AND PLATE 
yess yes Alloys HK31A and HM21A have been 
widely used for many different parts 


A wide variety of elevated temperature alloys extends the in missiles, rockets and aircraft. Some 
use of lightweight magnesium into the critical 300°-800°F. of the most common applications in- 
temperature range. clude body skins, engine air inlets and 


ducts, nose cowlings and cones, external 
and internal skins on control surfaces. 
HK31A extends the usefulness of light- 


S | SPACE/AERONAUTICS, 
eee 


TENSILE YIELD STRENGTH, ksi . 


TEMPERATURE, °F 


New alloys have extended magnesium’s useful 


service temperature range. 


0 100 200 300 400 500 600 700 800 900 


SHEET AND PLATE 


400 


uaa UU 


sun 


500 600 700 800 900 1000 


TEMPERATURE, °F 


A comparison of short-time tensile yield strength exhibited by a standard magnesium 
alloy and the commonly used elevated temperature alloys. 


weight magnesium to a temperature of 
500°F. and above. HM21A withstands 
temperatures up to 700°F. and higher 
for short time periods. And it exhibits 
better creep resistance above 350°F. 


and better static properties above 
550°F., than does HK31A. 
-FORGINGS . 

At operating temperatures up “to 


'800°F., HM21A offers excellent me- 
chanical properties, optimum creep 
resistance. HK31A has better room 
and elevated temperature properties up 
to 400°F. Both have good forgeability. 


CASTINGS 


Engine air inlets and ducts and hous- 
ings for electronic guidance systems 
are examples of the many applications 
of cast magnesium alloys HK31A and 
EZ33A. EZ33A has good general 
properties in the 350°-500°F. range. 
HK31A is recommended up to 700°F. 
and above. Components of military sys- 
tems weighing as much as 105 Ibs. 
have been cast in one piece with 
HK31A. A new elevated temperature 
alloy for die casting is now in develop- 
ment and will soon be available. 


ELEVATED TEMPERATURE 
MAGNESIUM 
EXCELS IN PRODUCTION 


The elevated temperature alloys possess 
the best welding characteristics of all 
magnesium alloys. Arc welded joints 
can be easily made and welding com- 
patibility of magnesium alloys is eX- 
cellent. For example, HK31A sheet 
can be welded to HM31A extrusions. 


Weld efficiencies at room temperature 
range from 70% to 80%. At tempera- 
tures above 400°F., HK31A has a weld 
efficiency of 100%. The same goes 
for HM21A above 500°F. In general, 
preheating and stress relieving are un- 
necessary with these alloys. They can 
be readily spot welded and are not 
subject to cracking. 


Machining operations can be carried 
out at extremely high speeds, avith 
heavier depths of cut and higher rates 
of feed than are possible with other 
metals. All chemical treatments used 
to finish standard magnesium alloys are 


applicable to the elevated temperature 
alloys, with the exception of Dow 7, 
which does not coat satisfactorily on 
magnesium-thorium alloys. For ex- 
tended service above 400°F., the anod- 
ic treatments are preferred. 


Elevated temperature alloys possess the same 
excellent shop characteristics—such as machin- 
ing, forming and welding—as the standard 
magnesium alloys. 


EXTRUSIONS 


Alloy HM31A has put the many bene- 
fits of elevated temperature magnesium 
into extrusion form. This alloy is used 
as ribs and horizontals in missile 
bodies, instrumentation booms and 
external tunnel fairings for wiring and 
plumbing, etc. HM31A maintains high 
elastic modulus, excellent creep resist- 
ance and strength at elevated tempera- 
tures. Elevated temperature exposure 
at 600°F. for 1,000 hours causes no 
change in room temperature properties 
and only a slight drop in creep strength. 


MAGNESIUM ALLOYS FOR 
ELEVATED TEMPERATURE 
APPLICATIONS 


HK31A 
HM21A 


HK31A 
HM21A 


SHEET 


PLATE 


HK31A 


FORGINGS HM21A 


HK31A 
EZ33A 


HM31A 


CASTINGS 


EXTRUSIONS 


WRITE TODAY for this new 
27-page illustrated brochure 
on magnesium alloys in 
aircraft and missiles. 

THE DOW CHEMICAL COMPANY, 
Midland, Michigan, 
Magnesium Sales Dept., 
1301 EWS 


THE DOW CHEMICAL COMPANY - MIDLAND, MICHIGAN 
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WIRE-WRAP cycle: (1) Operator in- 
serts wire into a wrapping bit and 
skins it according to the desired 
number of turns. (2) He places the 
wrapping bit over the terminal and 
triggers a pneumatic or electric 


power source to rotate the bit. (3)- 


The rotating bit spirals the wire 
tightly around the terminal.’ Many 
connections have six turns of wire, 
though four are more than adequate. 
(4) The operator removes the bit, 


_ which is automatically positioned for 


<W 


the next cycle. About 11/ in. of bare 
24-gage wire goes into a six-turn 
connection. 


tite in No. 26 Reader Service Card 
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Ont of the oldest methods of 
completing a link in an electric cir- 
cuit has come into its own once 
again—the solderless Wire-Wrap* 
connection. Its principle is not 
complex: Wire is inserted into a 
wrapping bit, the bit barrel is 
placed over the terminal, and 
power applied to rotate the bit and 
wind the wire around the terminal. 
In a tenth of a second you have 
a tightly wrapped electric connec- 
tion. 

The wrapping force is so great 
that the high shearing force of the 
wire scrapes off surface film from 
both the wire and terminal to pro- 
duce a clean metal-to-metal contact 
that is free of oxidation. As the 
connection ages, it becomes 
stronger through solid-state diffu- 
sion between the wire and terminal 
contact points. 

Initial pressures in the center of 
the contact areas go as high as 
100,000 psi. Cold metal flow re- 
lieves the pressure to a level over 
29,000 psi, at which point the metal 
stabilizes and the pressure remains 
constant. 

With 24-gage wire, four turns 


*Registered trademark, Gardner-Denver Co. 


Product Engineering 


Automated Wire-Wrap 
cuts production 
costs in half 


Wiring by wrapping is said to be ideal for airborne gear, since 
mechanical wiring connections have better vibration resistance 
than soldered ones. The technique also lends itself readily to 
automated production and high density circuit design. 


produce a total contact area of 400 
square mils. The cross-section of 
the wire itself is only 314 square 
mils. ; 

As a result of greater contact 
area and of the pressure contact, 
the stripping force of the connec- 
tion with 24-gage wire is 25 per 
cent higher than the force required 
to break the wire. Normally, a 
stripping force of 3000 gm (6.6 
lb) is considered satisfactory for 
24-gage wire connections. Wire- 
Wrapped connections can take at 
least 5700 gm (12.5 lb) before 
yielding. 

When Wire-Wrap was first intro- 
duced for aircraft and missile use, 
there was some question whether 
air or some other gas might come 
between the wire and the terminal. 
Reportedly, sulphuric-acid etch 
tests show clearly that the connec- 
tions are gas-tight. 

Some companies also felt the 
added weight of the terminals was 
more than that of the solder that 
had been eliminated. It is true that 
the weight of an subassembly 
chassis or wiring card might be 
higher with Wire-Wrap connec- 

more on page 97 
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SUPER ALLOY STEELS FO 
amet PRODUCT SPECIFICATIO 


by 


When parts for missiles... super aircraft 
... and other jet age products call for 
super alloys to operate at high temper- 
atures specify MID-VAC Steels. 


MID-VAC Steels — produced by the MIDVAC 
Process of consumable electrode vacuum 
melting —have increased tensile and impact 

. improved stress rupture strength at elevated 
temperatures .. . long fatigue life. They meet 
specifications of critical parts where strength is . 
needed at temperatures above 1000°F. Super 
alloys for missile combustion chambers, tail 
cone assemblies, nose cone or structural 
members, aircraft landing gear parts and 
compressor rotor blades. 


Offered in ingots, billets or forgings. Write 
for technical data on these new super 
alloy steels. 


Midvac Super Alloys for missile combustion chambers, tail cone assemblies, jet engine 
parts and other parts requiring properties beyond the capabilities of conventional steels, 


as Steele 
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VIRE-WRAP... 


ions on a volume basis. But the 
ircuit density is also much higher. 

Hughes Aircraft’s Missile Sys- 
em Division, for example, has 
sone to Wire-Wrap as the only way 
o get the density its engineers 
vant. At the same time, Wire-Wrap 
made it possible to automate 
Hughes’ electronic assembly oper- 
ation. 

For permanent solderless con- 
nections, the terminal generally 
must have one or more edges cross- 
wise to the axis of the wire. It 
must also be small enough to fit 
into the wrapping bit, but large 
enough to withstand the stresses 
placed on it. 

A small width-thickness ratio 
makes it easier to maintain tension 
in a wrapped connection. In any 
case, the thickness should not be 
less than half the wire diameter and 
the width less than two wire di- 
ameters. Copper, tinned and un- 
tinned brass, phosphor bronze, or- 
nickel-silver alloys can be used. 

Wire-Wrap tools for making 
these connections are produced by 
Gardner Denver Co., Keller Tool 
Diy., Grand Haven, Mich. There 
is a series of three tools to handle 
wire sizes of 18-26 gage — air- 
powered and electric pistol-grip 
tools and an air-powered straight- 
handle model. Wire sizes of 14 and 
16 gage may be wrapped with two 
air-powered tools — a straight- 
handle model and a pistol-grip one. 

Recently, an automatic tool was 
developed to wite computer sub- 
assemblies with 24 AWG solid wire 
on the “Lost Chord” airborne com- 
munications system being de- 


veloped by Hughes. According to | 


Gardner-Denver, the 4x4x5-ft ma- 
chine reduces production costs by 
50 per cent, compared with con- 
ventional wiring, by (1) simplify- 
ing the assembly operation, (2) 
eliminating errors, and (3) cutting 
down on inspection time. 

The automated tool can wire 
terminals in a 10x10-in. section of 
a 20x20-in. panel. It can be con- 
trolled manually by keyboard or 
automatically by punched tape. 

For manual programing, a tech- 
nician can work from a coded 
wiring list that specifies the oper- 
ating sequence of two wrapping 
heads. Two connections can be put 
on each of the rectangular ter- 
minals, Even under high tempera- 
ture conditions, the connection will 
maintain metal-to-metal contact. 
Write in No. 57 on Reader Service 
Card for more information.—VDB 
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TRANSISTORIZED 
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MINIATURE ELECTRONIC SUB-MINIATURE ELECTRONIC 
TIME DELAY RELAYS TIME DELAY RELAYS 
31200 SERIES 31300 SERIES 
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“4. W. HAYDON COMPANY'S 


TRANSISTORIZED SUB-MINIATURE 
ELECTRONIC TIME DELAY RELAYS! 


SAVE SPACE AND WEIGHT! 


Miniature Sub-Miniature 
Series Series 
Cross Section Whe" x 12%52"" 3Yan"’ x Ie" 
Length 2\/4"" long 2" long 
Weight 6 ounces 3 ounces 


Bulletin Bulletin 
AWH TD-503 AWH TD-504 


ey SCAU EAM ATE Re APS 


WRITE FOR: 


TEST-PROVED PERFORMANCE! 

High Temperature: 125°C (250°F). 

Vibration: 2000 CPS at 15 g. 

Contact arrangements up to 4 pole double throw. 

Unique transistorized R.C. time constant network. 

Time Delays from 50 MS to 120 seconds. Longer Delays available. 
Hermetically sealed housings. 


MEET REQUIREMENTS OF MIL-E-5272A. 
The 


A.W-MAYDON Company 


223 NORTH ELM STREET, WATERBURY 20, CONNECTICUT 
R) Design and Manufacture of Electro-Mechanical Timing Devices 


Write in No. 27 on Reader Service Card at start of Product Preview Section 
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the first real BREAK” for airborne harnesses 


FEATURES 


@ helical construction imparts a con- 
nection so firm that a special A-MP 
tool is required to connect and dis- 
connect. 

e‘‘o”’ ring and metal wire-insulation 
ring make moisture-tight seal 

© wiping action cleans pin and socket 
for assured maximum conductivity 

e positive wire-stops prevent over- 
insertion of stripped conductor 


: 


GENERAL OFFICES: 


THE ALL NEW AWP. 


HELICON 


CONNECTOR 


Never before has such a unit been available—a 
reliable, pre-insulated ‘‘manufacturing break” for 
aircraft and missile harnesses. Designed as a quick 
connect/disconnect for all high-reliability circuits, 


the all new A-MP Hezicon Connector is completely | 


environmental-proofed and fully pre-insulated. 


Equally important, it requires a special A-MP tool — 


to connect and disconnect, thereby preventing tam- 
pering and unintentional breaks in circuits. ‘ 

The Heticon Connector can be attached to air- 
borne circuit wires with remarkable speed and ease 
-»« permits multiple connect/disconnects without 
harm to unit... offers the highest reliability. 


FEATURES 


® serrations inside barrel assure maxi- — 
mum crimp-contact between barrel 
and conductor 

¢ inspection ports permit examination 
of conductors in barrel 
© environmental proofing: moisture 
resistant, corrosion resistant, vibra- 
tion and shock resistant 


This is the product that the Avionics Industry has needed for years. 
There is nothing else on the market like it. Write for more information. 


HARRISBURG, PENNSYLVANIA 


A-MP products and engineering assistance are available through subsidiary companies in: Canada e England e France » Holland e Japan 
Write in No. 29 on Reader Service Card at start of Product Preview Section 
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, 


of commercial plastic kits. All depression 


> 


“TYPICAL F-104 test models (left) used in AFIT evaluation 
s and cracks in 
the models were filled with. plastic scraps, and all surfaces 


sdasmmnauonganmniivonesnnnnsnonuioonxnornansinniousioniaumnaunnsinuuouonunnosin suman 


were then sanded smooth. ‘Right: Plastic F-104 model 
installed in AFIT’s wind tunnel at USAF’s Air University 
at Wright-Patterson AFB. 


Space/Aero Engineering 


Testing © 


svn veins tenet cE 


Cheap wind tunnel models 
from plastic kits 


The cost and time of making accurate wind tunnel models raises 
quite a problem when it’s a matter of merely running “ball park”’ 
tests on new configurations. Apparently the problem can be over- 
come very simply, though: Recent reports from USAF’s Air Uni- 
versity indicate ordinary commercial plastic model kits are fine 


for preliminary wind tunnel work. 


Tre ‘cost of making a detailed 
wind tunnel model and the time 
the job would take have often been 
roadblocks in the evaluation/ or 
‘study of new. designs. A case in 
point occurred when Officers at 
USAF Air University’s Institute of 
Technology (AFIT), Wright-Pat- 


7 


terson AFB, Ohio, wanted to ob- 
serve performance of new types of 
craft, such as the Lockheed F-104. 
The minimum estimated cost of 
building a model with a metal wing 
in the WADC model shop was 
$4000. And because of priority 
problems, the officers often would 


have had to wait 9-15 months. 

The model size for the AFIT 
tunnel, which has a test section 
14 in. in diameter and 32.5 in. 
long, was limited by tunnel wall 
effects to a maximum wing span 
of 10 in., an overall length of 18 
in., and a frontal area of nine 
square inches. It was decided to 
look at the possibility of using regu- 
lar plastic model kits for the 
studies. Several kits, made by Re- 
vell Co., 4223 Glencoe Ave., Ven- 
ice, Calif., were bought and showed 
great promise. 

As a result, Captains A. L. 
Brantley and D. W. Hall decided 
to make an independent study of 
the use of such models in tunnel 


more on nexf page 
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Miiisndescaned 


Automatic 
antenna 
selector 


Autonetic’s new two-pound 
Automatic Antenna Selector 
eliminates antenna shading in 
military and commercial air- 
craft. Used with dual-antenna 
systems, it assures a strong, 
continuous signal. Does away 
with manual switching and 
losses due to coaxial tees in the 
antenna feedlines. Simple to in- 
stall... has a 10,000-hour oper- 
ating life with minimum main- 
tenance... completely reliable 
during high-speed maneuvers 
and in environmental extremes. 
Meets stringent military re- 
quirements. Please write for 
literature. 


Autonetics Qi) 


A Division of North American Aviation, Inc., 
Downey, California 


TUNNEL MODELS... A a 


~MODELS used for series of component tests. Of several types of commer- | 


cial kits that were evaluated, Revell’s proved best for test needs, Brantley 
and Hall of AFIT report. 


Aerodynamic Characteristics of Model Components 


Characteristic] Wing | Fuselage] Wing & | Wing& Rees’ & Tail |Wing & Tae wing 
Fuselage | Rudder | Fuselage Tail Fuselage Tips ik 
dCi/da 0.0616) 0.00107} 0.055 0.0583] 0.0525} 0.0143 0.0738} 0.0632} 0.0705 ¢ 
ato(deg) |-+0.6 —0.45 +1.4 (0) +2.4 +0.6 |—0.9 +0.7 
Ciumax 0.72* | 0.03 0.68 0.705" | 0.695* | 0.17 0.865*} 0.82 0.86* | | 
Cppe 0.011 | 0.010 0.020 0.0125] 0.020 | 0.017 0.014 | 0.030 0,026 | 
ACppe ++0.U9 +0.0015 | +-0.009 |+0.006 } +0.003|-+0.019 |-+40.015 
dCm/dCi |—0.286 —0.3425 | —0.4665 | —0.155 |—2.0 —0.50 |—0.84 |—0.0972 
AdCm/dCu —0.0565 | —0.1805}-+0.131 | —7.714 |—0.214 | —0.554 | -+-0.1888 
e 0.465 0.420 0.457 | 0.428 0.498} 0.5275} 0.6] 


MMMM LO EOC 


* indicates CLmax has a higher value at a >15° 


tests.* The F-104 looked best for 
this purpose, for its single-engine 
configuration permitted  sting- 
mounting on the AFIT strain gage 
balance. 

Because the model is so small, 
no simple way could be found to 
deflect the control surfaces so they 
would be rigid and yet accurately 
adjustable. Since the kits cost so 
little, it was decided to use a series 
of models, each with the controls 
cut out and cemented back at the 
right angle.- 

The tunnel models, except for 
the wing, were made from the ma- 
terials in the standard Revell kit. 
Stings were glued into the fuselage 
with ordinary plastic cement. After 
this had dried, the rear half of the 
fuselage was filled with polyester 
resin to eliminate fuselage bending 
during tests. All depressions and 
cracks in the model surfaces were 
filled in with plastic scraps dis- 


*“Wind Tunnel Investigation of a Plas- 
tic Model F-104A”’ (thesis). 


solved in carbon tetrachloride. | 
When this dried, the whole outer / 
surface of the model was sanded 
smooth. 

The original control surfaces cut 
from the models couldn’t be used, 
since cutting took out too much 
material. Instead, surfaces were cut 
from other models in outsize shape 
and then filed to fit the test models. 


Surfaces were set with 
gage blocks 


A series of small gage blocks 
were made to insure correct angu- 
lar deflection of the surfaces by 
holding them in position until the 
glue dried. Control deflection was 
accurate within one degree, Brant- 
ley and Hall report. In addition to 
testing complete models, they sep- 
arately tested components of the 
models, to study the interference of 
the components with each other. 

Five series of tests were run on 
the characteristics of longitudinal 
motion in flight and two on lateral 

more on page 102 
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FREE 
DATA FILES 


Allied Research 
LINES , 


FOR THE 
DIAMONDS—SIGN 
OF FINISHING QUALITY. 


| TIRIDITES 
Chromate Conversion 


Coatings for Non-Ferrous Metals. 


TM. 


PERILAC) Clear Protective Coatings 


for All Metals. 


® 
is OBR iTE Chemically Different 


Plating Brighteners. 
® 


TARP ) Process chemicals. 


METAL FINISHING 
PROCESSES 


A complete line of quality products 
and processes developed primarily as 
a result of helping manufacturers like 
yourself solve their metal finishing 
problems If one of our present prod- 
ucts does not meet your needs, we'll 
be glad to work with you to find an 
_ answer to your problem. 


CUXTLLD rectiFiers 


Silicon and Selenium, built to exacting 
specifications for long life, trouble-free 
service. 


GILULLL®D AUTO-LOADERS 


for fast, economical transfer of racks and 
parts, conveyors to plating machines, 
between conveyors. 


EQUIPMENT AND 
COMPLETE SYSTEMS 
for Metal Finishing 


Process Engineered—Single pieces 
of equipment or all equipment neces- 
sary for a finishing operation—evalu- 
ated, designed, fabricated, installed 
and tested to match exactly your 
particular process. Ask about our 
Process Engineering Service. 


AUTOMATIC AND SEMI-AUTOMATIC 
PLATING MACHINES 


BARRELS, TANKS and other equipment. 
ee 


® 
GAYE anopves 


in copper and zinc. 


T2710... FLAT COPPER 
ANODES 
CADMIUM, WHITE BRASS AND TIN ANODES in 


most efficient shapes. Acid Replacements, Buffs, Chemi- 
cals, Cleaners, Maintenance Materials, 


CHEMICALS AND SUPPLIES 


Prompt service on a wide variety of daily-use 
necessities for the plating room, delivered from 
warehouse stocks strategically located in cities 
in metalworking areas. 


o 

s 
Sumas 
cg sures 


Ask your Allied Field Engineer about our Subscription Plan 


NICKEL RECASTING SERVICE which combines your new nickel purchases with a service to 


recast your butts and spears, resulting in substantial savings. 


Allied Research Products, I1c. there werner dscibing xh 


ee tenon e 


» 

4004-06 EAST MONUMENT STREET nical details of our complete line, 
| BALTIMORE 5, MARYLAND OR, phone your Allied Field Engi- 
} "a : tea Branch Office: 400 Midland Avenue, Detroit 3, Michigan neer. He’s listed under “Plating 
I : ; Chemical and Electrochemical Processes, Anodes, Supplies” in your 'phone book. 


Rectifiers, Equipment and Supplies for Metal Finishing. 


Write in No. 402 on Reader Service Card at start of Product Preview Section 
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look for the professional challenge... available only to those 


who possess the creative initiative to explore, in thought, beyond what is known 
about space travel, and return with the serendipity that only the few would 
recognize. If you are one of those exceptional individuals who is seeking a 
challenge such as this, communicate with N. M. Pagan, Director of Technical and 


Scientific Staffing, Martin- Denver, P.O. Box 179, (A-3), Denver 1, Colorado. 


LOST NI Ne a PW > NS. 
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TUNNEL MODELS . 


STING mounting of model was done, | 
with ordinary plastic cement. When | 
cement had dried, rear half of fuse’ | 
Tage was filled with polyester resin. | 


SMALL gage blocks were used for 
accurate alignment of control sur- 
faces during gluing. 


motion. The longitudinal tests in- 
cluded studies of (1) combinations 
of subassemblies up to the com- 
plete plane and. of the effects of (2) 
elevator deflections, (3) wing flaps, 
(4) landing configurations, and 
(5) tip tanks. Lift, drag, and pitch- 
ing moment were measured. 

One lateral series involved meas- 
urements of side force, drag, yaw, 
and rolling moment on the wing 
alone, on wing and tail, and on the 
complete model. The other covered 
rolling moments alone on models 
placed in the tunnel with wings 
horizontal and different elevator 
deflections. 


Test values close to the 
theoretical ones 


The Table shows a few of the 
results of the AFIT study. Brantley 
and Hall computed the theoretical 
slope of the lift curve to be 0.0572. 
as against an experimental value of 
0.0611. For angle of attack, the 
F-104’s symmetrical airfoil should 
have had an 2,, of zero degrees. 


more on page 104 
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APING CRITICAL INFORMATION? 


“SCOTCH” Brand high potency oxides 


let you pack more bits per inch! 


ema 
TMinnesora JYfininc ano JY{anuracturine nates ( N 
«WHERE RESEARCH IS THE KEY TO TOMORROW WH 


Every day Scorcu Brand High Resolution Tapes 
are getting the nod for more instrumentation jobs. 
The reason? Performance. In taping high frequency 
data, the sharper resolution lets you pack more 
pulses to the inch—a greater density of informa- 
tion to each foot of tape. 

At the root of this advance are the high potency 
oxides used in the magnetic coating. The higher 
magnetic retentivity of these oxides—about a third 
more than standard—offers distinct advantages. It 
permits the use of a thinner magnetic coating which 
may be combined with a thinner polyester base. 
Naturally, this means a more flexible tape — one 
that conforms for more intimate tape-to-head 
contact, automatically improving resolution in the 
taping of high frequencies. 

Even so, you don’t have to sacrifice output in low 
frequencies. For in addition to the marked increase 
in sensitivity to short wave lengths, Scorcu Brand 
High Resolution Tapes show some increase in sensi- 
tivity even to long wave lengths. 


These more flexible tapes cut drop-outs, too. 
With better tape-to-head con- 

tact, there’s less chance that 
a stray bit of dust can sneak 
between tape and head to 
cause a drop-out. The superior 
magnetic properties of SCOTCH 
Brand High Resolution Tape 
No. 159 show up in oscillo- 
scope tests—producing a good squared-up hystere- 
sis curve like that shown at the right, and symboli- 
cally illustrated at the left. 

Whatever your application—data acquisition, 
reduction or control programming—you can count 
on ScotcH Brand technology to create tapes of 
higher uniformity and reliability for error-free 
performance. 

ScotcuH Brand High Output Tape No. 128 pro- 
vides the sensitivity for good output in low fre- 
quencies, even under extremes of ambient temper-_ 
ature. ScorcH Brand Sandwich Tapes No. 188 and 
189 offer extremely long life and reduced head 
wear in digital work and many AM, FM and PDM 
applications. Finally, for top performance at low 
cost per foot, ScorcH Brand Instrumentation Tapes 
No. 108 and 109 remain the standard for the 
industry. 

Where there’s no margin for error, there’s no 
tape like Scorcu Brand. For more details, mail the 
reader inquiry card or write Magnetic Products 
Div., 3M Company, St. Paul 6, Minnesota. 


© 1959 3M Co, 
“SCOTCH” is a registered trademark of 3M Company, St. Paul 6, Minnesota. 
Export: 99 Park Avenue, New York, N.Y. In Canada: London, Ontario. 


SCOTCH BRAND MAGNETIC TAPE 


FOR INSTRUMENTATION 


wz 
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To meet the design require- 
ments imposed by extremely 
high-speed aircraft and mis- 
siles, the Cherry Rivet research 
and development department 
has introduced the ‘“600”’ A286 


*Patents issued and pending 


stainless steel blind rivet. 

Data on the strength capabil- 
ities of the ‘‘600”’ rivet is avail- 
able from Townsend Company, 
Cherry Rivet Division, P.O. Box 
2157-P, Santa Ana, California. 


CHERRY RIVET DIVISION 


a 
we 


In Canada: Parmenter & Bulloch Manufacturing Company, Limited, Gananoque, Ontario 


Write in No. 30 on Reader Service Card at start of Product Preview Section 
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TUNNEL MODELS... 


REAR VIEW of plastic wind tu 
model, showing sting installed. 


as against the test result of + 
deg. But this value was conside 
satisfactory, since accuracy in | 
ting the angle of attack was + 
deg. The e of 0.465 also se 
quite reasonable, Brantley and } 
State. 

The values of Cpp- and Cymar 
tained in this series seemed hi 
which was attributed by Bran 
and Hall to the low Ry of 224, 
and the assumption of neglig 
balance model interference di 
The values involving Cy are ¢ 
siderably in error because of 4 
sign feature of the strain gage | 
ance system. 

Because of interference eff 
between components, the chai 
teristics of the components ¥ 
found not to be additive. On. 
basis of its tests, AFIT persor 
concluded that good results’ cé 
be obtained with plastic models 
all six degrees of freedom 4 
suitable modifications of the m 
uring equipment. 


Many Configurations can ~ 
be tried 


The outstanding value of 
plastic models, Brantley and ] 
state, is that a large variety of 
configurations can be tested— 
models are so inexpensive that 
worth while to make a sepa 
model to almost any desired fo 
Any model can also be easily 
cheaply rebuilt in case of dam 

As a result of their studies, A 
officers are. considering additic 
tests to be run with similar moc 
One is a series on the F-105 
study aerodynamic braking du 
landing, to see if the landing 
can be shortened, and ano 
would be concerned with ble 
flap problems. Write in No. 7( 
Reader Service Card for more 
formation.—IS 
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UAP offers complete responsibility for 
system simulators in “‘hard-hat’’ areas 


Many of today’s missiles carry vital operational 
components made by United Aircraft Products, Inc. 
Research, development and manufacture of these 
components, backed by over 30 years of supplying 
parts and systems to all major aircraft manufacturers, 
have furnished UAP with broad experience. This in- 
cludes electronics, electronic cooling, mechanical and 
electro-mechanical devices, hydraulics, pneumatics, 
fuel systems, cryogenics and other specialized func- 
tions. UAP can meet strictest government require- 
ments... has skilled engineers and modern production 
facilities to carry through’ on assigned projects. 
These many qualifications indicate you can depend 
on UAP for development of reliable ground support 


equipment used in missile launching installations, 
“hard-hat” training and checkout areas, and back-up 
maintenance stations. When you are ready to assign 
full responsibility for all or part of a GSE program, a 
UAP representative is the best man to sit at the other 
side of your desk! Call him at the UAP Contractual 
Engineering Office nearest you; Burbank, California, 
VI 9-5856; New York, New York, MU 7-1283; Day- 
ton, Ohio, BA 4-3841; Montreal, Canada, ME 1-4396, 


a femous family of aircrafe eaventiiale tiwee 1929 


UNITED AIRCRAFT PRODUCTS, INC. 


1116 BOLANDER AVENUE, 


DAYTON, OHIO 


Write in No. 404 on Reader Service Card at start of Product Preview Section 
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ADVERTISEMENT 


Higher-Temperature Capacitors: 


New Dielectric Materials Help Break the Heat Barrier 


By Marc F. Warmuth, Staff Engineer, Airborne Accessories Corporation | 


Special Mylar*, Teflon}.and mica 
constructions permit continuous 
operation up to 600°F 


Three new types of special high-tempera- 
ture motor-starting capacitors, utilizing 
Mylar, Teflon and mica dielectric respec- 
tively, have been developed recently by 
Airborne. The Mylar and Teflon types 
are wound of very thin metallized film 
for greatest possible miniaturization. 
The mica type is wound of a sandwich 
of aluminum foil and thin, pure mica 
ribbon, metallized mica not being pro- 
curable. All are encapsulated with 
thermoplastic polyamide or 'thermo- 
setting epoxy resins (depending on 
temperature range) in sealed,~ cold- 
drawn steel cans with fused glass termi- 
nals. This construction provides low 
inductance units of exceptional mechani- 
cal sturdiness and environmental re- 
- sistance. 

As an alternate construction for less 
demanding applications, encapsulation 
in epoxy sleeves, with leads brought out 
through potted ends, is also available. 


Mica for highest temperatures 


The great advantage of mica as a die- 
lectric is its ability to maintain its phys- 
ical and electrical characteristics at tem- 
peratures up to 1000°F. All dielectric 
materials undergo severe reductions in 


WORKING TEMP, RANGE 


tad 
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CAPACITANCE VARIATION WITH TEMP. 


insulation resistance at high tempera- 
tures, but with mica the critical value 
is reached around 600°F. Full ‘voltage 


ratings up to this point are thus permit- | 


ted. And with the right epoxy resin 


impregnant, mica capacitors. are—well— 


able to withstand overtemperatures 
without damage...if not simultane- 
ously subjected to full rated voltages. 


Mica capacitors are three to four times 
larger than Mylar or Teflon units of 
comparable capacitance and voltage 
rating. This is because a greater thick- 
ness of dielectric must be used in addi- 
tion to a separate layer of aluminum 
foil. 


Mylar and Teflon for intermediate 
high temperatures and small size 


Mylar can be worked continuously up 
to 300°F and Teflon up to 400°F. For 
applications below these limits, but 
above the normal 185°F limit of more 


conventional insulating materials, metal- 


lized Mylar and Tefion offer high dielec- 


tric strength. They make possible 


wound capacitors of very small size 
with good voltage ratings and excellent 
capacitance-to-volume ratios. 


A further advantage of metallized 
Mylar and Teflon capacitors is their 
self-healing characteristic. The short 
occurring when the dielectric is ruptured 


TYPE MYLAR 
Wound, Metallized 
Mylar Film 
-65 to + 300°F 


Working temp. range 


Voltage ratings 


(-55 to + 150°C) 


~ Capacitance variation Very good to 150°F 
with temp. Good 150-300°F 


Insulation resistance 


10 meg x mfd at 257°F 


et tet 
D 
es cio) 
“| Capacitance change vs time -5% or less 
q at max. working temp. after 250 hr 


Short-time exposure 
to overtemperature 


50,000 meg x mfd at 78°F 


; TABULATED CHARACTERISTICS—AIRBORNE SPECIAL HIGH-TEMPERATURE CAPACITORS 


200-1000 WVDC 


| Dielectric strength 4000 v/mil 


Overvoltage resistance Excellent 
(Self-healing) 


Write in No. 405 on Reader Service Card at start of Product Preview Section 


200-600 WVDC 200-600 WVDC 


Excellent to 250°F 
Very good 250-400°F 


1500 v/mil 1000 v/mit - 
bbe IXe wide jt 310 4xL 
11%D 3n4xD0()__) 
- ic 


-5% or less -5% or less 
after 250 hr after 250 hr 
Excellent Non-self-healing 
(Self-healing) 
Very good 
with derating 


instantly burns the thin metallic coating 
back from the edges of the rupture, 
making further flashover impossible. 
Yet the amount of metallic coating 
burned away is so minute that hundreds 
of such self-healings have little effect 
on capacitance. Resistance to over- 
voltages can thus be considered ex- 
cellent. Resistance to overtemperatures, 
on the other hand, is not an outstanding 
characteristic of Mylar or Teflon—a 
design factor to keep in mind. 


Summary 


MYLAR: For intermediate high tempera 
tures, high voltage and smallest size. Con- 
tinuous operation at 300°F with ratings up 
to 1000 WVDC. Capacitance variation with 
temperature good, but not as good as that 
of Teflon or mica types. 


TEFLON: For intermediate high tempera- 
tures and small size. 600 WVDC up to 
400°F without derating. 


MICA: For highest temperatures. Con- 
tinuous operation, 600 WVDC without 
derating up to 600°F. Higher temperatures 
possible with derating. Larger in size than 
equivalent Mylar or Teflon capacitors. 


For proposals on your specific aa 
tor requirements, write AIRBORNE 
ACCESSORIES CORPORATION, 
HILLSIDE 5, N.J. 


*DuPont’s tm for its polyester film 
{DuPont's tm for its tetrafluoroethylene resin 


TEFLON MICA 
. Wound, Metallized Wound Alum. Foil 
Teflon Film with Mica Ribbon 
-65 to + 400°F -65 to + 600°F 


(-55 to + 205°C) (-55 to + 315°C) 


01 mfd up 


Excellent to 350°F 
Very good 350-600°F 


10,000 meg x mfd at 78°F 
4 meg x mfd at 600°F 


500,000 meg x mfd at 78°F 
75 meg x mfd at 300°F 
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ULTIMATE SHEAR STRESS. (1000 PSI) 


FIGURE 1: Effect of fixture variables (left) on shearing 
of titanium fasteners in Hi-Shear tests. 
show average of 10 tests. Right: Tests of 23 specimens 
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a 
LEVEL 0,003 0.005 0,008 0.01 
BLADES 
"FIXTURE MISALIGNMENT 


0.002 0.015 0.025 
SPACE VARIATION 


MISALIGNMENT OF 
SHEAR FIXTURE WITH SHIM 


SPACE VARIATION IN 
SHEAR FIXTURE 


DOUBLE SHEAR LOAD (1000 LB 


Black lines 


new fixtures. 


Space/Aero Engineering 


Production Engineering 


MBBBBHI-SHEAR STANDARD PLATES 
C_INEW FIXTURE WITH SIDE SUPPORTS 


with old and new types of shear fixtures. Averages were 
10,589 Ib for the standard plates and 10,654 for the 
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New tests and materials 
for high temperature fasteners 


P ickING fasteners for over 
900 deg F calls for more attention 
to detail design both of the fastener 
and of its installation and to fast- 
ener testing methods. As strength 
levels are raised, W. A. Dickie, chief 
engineer of Hi-Shear Rivet Tool 
Co., 2600 W. 247th St., Torrance, 
Calif., told SpAcE/AERONAUTICS, 
manufacturing deficiencies become 


a more serious problem for fasten- 
et installations. 

High performance fasteners re- 
quire harder materials with less 
elongation, so that they’re limited 
in redistributing loads. Alignment 
of the hole, type of countersink, 
and similar factors then become 
more critical. More attention will 

more on page 111 


PT eM 


< 


INGENUITY in devising test setups is a key factor in high strength 
fastener evaluation. An example is this sealing test for a fastener under 
fatigue load. The fastener is covered with a glycerin-filled chamber that 
is vacuum-sealed to one side of the shear coupon. A capsule of red dye 
is mounted on the other side. If there is any leakage, the dye will show 


up in the glycerin. 
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BUSINEgs ACHIEVEMENT 


McDonne1 Aircraft 


fautiful Suburban St. Louis, 
years. 


A prime Contractor of U.S, 


. 
. 


fi i 
+€ Hen Y and xy, COnvertinians - Firgt ramjet helicopter. XVI 
2 Wer tipiene mai first Succe €rsion from helicoptép to 
airplane flight. 


Lie duction award Winner for Mach 24 all weather Navy fighter, 
Quail —~ py. fo i i 


launcheg Air Force decoy Missile, 

oa OMPENY 4 5 Poo e ONL y eipee da in the Ai 
BO HO Sti tion e.. oe i j in ter transport. McDonne]} 
entry Will be Capable o €0ing anywhere in the World at Cruisin 
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Johns-Manville announces new MEN=KLAD Insulation! 


This one new product 
answers 4 basic thermal 


and mechanical requirements 


ruta Asbestos-reinforced plastic 


== Min-K insulation 


high heat capacity 
plus erosion resistance 


high strength 


1 New Min- 
! 


| | 


Combines the capabilities of asbestos-reinforced plastic 
with the dramatically low conductivity of MIN<K) insulation! 


New Min-Klad insulation may well be 
the most significant advance ever made 
in missile and rocket insulation. 


Developed by Johns-Manville re- 
search scientists, Min-Klad is the only 
product of its kind, a permanent lami- 
nation of the missile industry’s two most 
effective high-temperature materials: 
1) reinforced plastic and 2) J-M’s 
recently developed Min-K insulation. 


Min-Klad gives the missile designer all 
the advantages of high-temperature 
plastic: Strength, toughness, rigidity! 
Erosion resistance! High heat capac- 
ity! Yet Min-Klad does more. 


It also insulates . . . and with dra- 
matic effectiveness! Its insulating ele- 
ment is J-M’s Min-K, an insulation with 
thermal conductivity that is lower than 
any other known insulation. Actually 


lower than the molecular conductivity 
of still air. And this conductivity 
(already less than half that of the best 
fibrous insulations) drops still further 
with altitude. At 10 miles, for example, 
it is decreased by as much as 40%, with 
further decreases at greater altitudes. 


Min-Klad offers the missile and rocket 
designer a rich choice of heat-control 
possibilities. It may be used for a part 
that must insulate, yet have the struc- 
tural advantages of plastic. Where re- 
quirements call for a scuff- and erosion- 
resistant insulating surface...or for a 
good adhesive bond between Min-K 
insulation and other surfaces. Or, it 
may be used to control high transient 


ad insulation is engineered and molded to your design requirement 


temperatures! For high heat capacit 
of asbestos-reinforced plastic combine 
with the low conductivity and heat c: 
pacity of Min-K result in a product th 
provides minimum heat transfer und 


_transient conditions. 


Min-Klad is now being tested for ay 
proximately two dozen missile an 
rocket designs. Why not investigate th 
new material for your present therm: 
requirements? Upon request, we'll t 
pleased to send you a sample of th 
material along with detailed technic 
information, Write Johns-Manvill 
Box 14, New York 16, New York. (As! 
too, for information on Min-K insul: 
tion and the new aviation insulatic 
brochure IN-185A.) In Canada: Po 


Credit, Ontario. 
JM 
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Adjustable Diameter ana 
THOMSON 


Adjustable Diameter 
BALL BUSHING 
for Zero Clearance 


mst LINEAR MOTIONS 
for all your : 


FIGURE 2: Scatter of results with 
standard shear fixture (top) led to 


the development of the half-hole 
type shown below it. 


also have to be given to surface 
finish, rolling fillets, recess con- 
figurations, and thread forms, 
Dickie believes. 

In turn these new design prop- 
lems require radically new methods 
of analyzing loads and fastener 
configurations. Hi-Shear engineers 
recently set up a test in which a 
hole was deliberately drilled off 
center in a plastic block. When a 
plastic bolt was installed and the 
nut tightened, the pattern in the 
plastic showed the distribution of 
bending loads. Stress concentrations 
in this local area could exceed the 
elastic limit of the material. 


Open BALL BUSHING 
Precision Series ‘‘A’’ and for Zero Clearance on 
Low Cost Series ‘‘B’’ BALL BUSHING Supported Shafts 


fl 


Sliding linear motions are nearly always LOW FRICTION ° ZERO SHAKE OR PLAY 
troublesome. Thousands of progressive 


engineers and designers have solved this ELIMINATE BINDING AND CHATTER 
problem by application of BALL BUSH- ¢qiye SLIDING LUBRICATION PROBLEMS 


INGS on guide rods, reciprocating shafts, 


push-pull actions, or for support of any LONG LIFE ° LASTING ALIGNMENT 


mechanism that is moved or shifted in a 

straight line. The various types cover a shaft diameter 
Improve your product! Up-date your range of %%" to 4”. Small sizes available 
design and performance with Thomson in Stainless Steel. Write for literature and 
BALL BUSHINGS! name of our representative in your city. 


THOMSON INDUSTRIES, Inc. 


Dept,D, MANHASSET, NEW YORK 


More and more tests are 
becoming necessary 


In the past, only Rockwell (for 
160,-180,000 psi heat treat), salt 
spray, and zyglo tests had to be run 
by manufacturers. Today, specs re- 
quire shear, tensile, fatigue, and 
‘metallurgical test. Even more tests 
—for creep-stress rupture, for in- 
I more on page 113 
| Write in No. 407 Reader Service Card==a> 
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FASTENERS .. . 


stance—are indicated for the fu- 
ture. 

Practically every high perform- 
ance fastener must be made of a 
certified material with a certified 
analysis. After the material is re- 
ceived from the mill and inspected, 
it’s usually sent out to an indepen- 
dent laboratory for a second analy- 
sis to check the mill data. 

During fabrication, many fasten- 
ers require metallurgical inspection. 
For instance, if they are made of 
such materials as titanium or 431 
stainless, they must be mounted and 
metallurgically examined for struc- 
ture, grain size, and surface condi- 
tion. Reports on these examinations 
are included with each lot shipped 
to the customer. 

Of particular importance in fu- 
ture fastener tests is ingenuity in 
developing jigs and instrumentation 
to insure that the values obtained 
are the ones you really want. An 
important example is the recent de- 
velopment of the half-hole type of 
shear fixture. Interestingly enough, 
this jig was developed at the same 
time, but completely independently, 
by both Hi-Shear and Standard 
Pressed Steel, of Jenkintown, Pa. 


Shear tests were hard 
to correlate 


The need for a new shear fixture 
was shown by an analysis of the 
results of a large number of shear 
tests. The scatter in the results was 
greater than expected, and correla- 
tion between different tests was 
poor. 

Close inspection also revealed 
that shearing edges broke down 
rapidly when used on high strength 
alloys. This breakdown is progres- 
sive, and any amount of it has an 
effect on shear results. Operators 
are supposed to discard any plate 
that shows any sign of breakdown, 
but, engineers note, that this prac- 
tice is hard to enforce. Tests also 
showed that increasing side plate 
width didn’t solve the problem. 

Hi-Shear tests run on a standard 
shear fixture proved that the effect 
due to misalignment of side plates 
is appreciable. As Figure 1 shows, 
as little as 0.003 in. misalignment 
reduces apparent shear strength by 
seven per cent. 

As a result, fixtures such as the 
one shown in Figure 2 were de- 
signed. In this case, the side plates 
are in one piece and only have a 
half-hole. This, it’s claimed, insures 
hole alignment and keeps the part 

more on page 116 
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work in the fields of the future at NAA 


TRAINING. 
EQUIPMENT 
DESIGN 


The Los Angeles Division of 
North American Aviation — 
‘Weapon System Contractor for 
the nation’s two most advanced 
manned weapon systems, the 
B-70 and F-108—has top-level 


positions available for 


Training Simulator 
Designers 


These highly-qualified engi- 
neers will coordinate and moni- 
tor the over-all design of train- 
ing simulator equipment for 
the most advanced weapon sys- 
tems projects. 


Background preferred: Gradu- 
ate Electrical Engineer with 
minimum of four years’ experi- 
ence in design of analog and 
digital computers with applica- 
tion to simulation requirements. 


For more information please 
write to: Mr. P. E. Stevenson, 
Engineering Personnel, North 
American Aviation, Inc., Los 
Angeles 45, California. 


aay DIVISION WN 


N 
a 
AMERICAN aNyA 
AVIATION, INC. 


Check Employment Inquiry Form Page 155 
A 


RECORD, EDIT AND ANALYZE LARGE 
QUANTITIES OF HIGH SPEED DATA WITH 


Honeywell Magnetic Tape Systems 
record as many as 40 tracks simul- 
taneously on a single tape. The standard 
transports accommodate regular or thin 
tape, 102 and 14-inch reels with equal ease. 


114 


Honeywell Loop Transport feeds 
signal to Honeywell Automatic Wave 
Analyzer. Playback speeds of 0.3 to 
60 inches per second provide for 
time base expansion or contraction. 


Honeywell Automatic Wave Analyzer 
gives a permanent, graduated chart 
record of amplitude vs. frequency, 
power vs. frequency, linear or squared 
reading on its ElectroniK recorder. 
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ata Acquistion Syeloms 


Honeywell Data Acquisition Systems have what 
users want—reliability, speed, capacity and usable 
output. Each system is custom-assembled of stand- 
ard Honeywell modules, to match user needs for 
numbers of inputs, accuracy, frequency range and 
readout modes. And they can be modified and ex- 
panded as requirements change and grow. All com- 
ponents have been proved reliable in use. Systems 
are delivered completely assembled, ready to con- 
nect and start up. 


DATA RECORDING SECTION 


Here, patchboards and panel switches provide com- 
plete flexibility in programming inputs to the 
recording section. Low-level signals go through the 
new AccuData amplifiers. These transistorized units 
have high sensitivity, and very low noise level. 


After programming, the signals are fed to Honeywell 
Magnetic Tape Systems which have uniquely large 
capacity. By recording as many as AO tracks on one 
tape, these systems can preserve massive amounts 
of data with minimum original equipment invest- 
ment. Analog channels cover frequencies from d-c 
to 100,000 cps. Digital channels convert analog in- 
puts and record them in whatever form, speed and 
accuracy is required. For example; data accuracies 
to within +0.1%, at a basic rate of 10,000 or more 
samples per second, are readily obtained. 


DATA REDUCTION SECTION 


Miles of data-laden magnetic tape are of little use 
until they are edited. Users of Honeywell Data 
Acquisition Systems are, offered several options. 
The Honeywell Model 1012 Visicorder oscillograph 
makes it easy to take a quick look at tests being re- 
corded or to select recorded data significant enough 
for further analysis. It will simultaneously chart as 


Honeywell AccuData Amplifiers 
give low-noise operation. Transistor- 
ized, they are inherently reliable. 
Seven mount across a rack cabinet. 


many as 36 analog data patterns, showing time and 
quantity relations of different events. After format 
is programmed with selector switches, the Honeywell 
digital playback section selectively edits data for 
computer inputs. 


DATA ANALYSIS SECTION 


A Honeywell Loop Transport and Automatic Wave 
Analyzer team up to make short work of analyzing 
vibration, transients or other phenomena repre- 
sented by complex waveforms. The Loop Transport 
repeats the data until the complete analysis is 
printed out on the ElectroniK recorder. Analyses 
that formerly took days and weeks can be done in 
minutes or hours. 


Computations on the recorded data are performed 
by the Honeywell DAT Amatic 800 computer. This 
versatile computer will process several different jobs 
simultaneously . . .each independently programmed 
and automatically controlled. 


Overall and most important . . . by specifying 
Honeywell you get the guarantee of undivided re- 
sponsibility and uniform high quality . . . one-maker 
systems that meet the intent as well as the letter of 
your specifications. For help in selecting and main- 
taining complete Data Acquisition Systems, there are 
Honeywell sales and service offices around the 
world, over 125 in the U.S. and Canada. Your near- 
by Honeywell field engineer awaits your call. 
MINNEAPOLIS-HONEYWELL, Beltsville, Md. 


Honeywell 
“Fiat we Control 


HONEYWELL 


Honeywell Model 1012 Visicorder 
direct recording oscillograph will 
handle as many as 36 channels, fre- 
quencies from d-c to 3000 cps. It is 
ideal for editing analog data. 
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Kohortshaw CAPTIVE SEAL® PRESSURE SWITCHES* 


New bulkhead-mounting Robertshaw Pressure Switches represent 
true miniaturization for your rocket, missile and aircraft applica- 
tions. Ruggedly built to withstand vibration up to 2000 cps +35 G’s 
in any direction. Piston actuator is insensitive to vibration fatigue, 
rapid temperature cycling and extremes of overpressure. These com- 
pact Pressure Switches can be grouped on 1.09” centers . . . and even 
the heaviest one weighs less than 4 oz. Actual sizes are shown above. 


e 50 to 600 psi pressure settings ¢ 3000 psi proof pressure (piston 
bottomed against mechanical stop) « —65° to +3800° F ambient 
temperature range e Vibration: 0-2000 cps +35 G’s in any direction 
e Handles combustion gases, fuel, oil, H,O., helium, etc. « Switch 
heads encapsulated in epoxy resin « 20,000 cycles minimum life e 
Weight: .240 lbs., .170 lbs., .150 Ibs. (top to bottom above) 


Other Robertshaw Pressure Switches are available to meet your spe- 
cific requirements on mounting,.,; electrical connections and for pres- 


sure ranges from 10 psi to 3,000 psi. Write for Data Sheet G-205. 
*Design Pat. Pending 


CONTROLS COMPANY . 
BRIDGEPORT THERMOSTAT DIVISION - Milford, Conn. 
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ULTIMATE DESIGN ALLOWABLES (1000 PSI) 
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‘DESIGN ALLOWABLES of some pos- 


sible high temperature fastener ma- 
terials. 


) 


from locking in the fixture. Center 
and side plate clearance is held to 

a maximum of 0.001 in. and hold- 
ing the fixture in a solid block re- 
stricts deflection to 0.001 in. Figure 

I also compares the results of tests 
with the half-hole and the standard 
fixtures, 

In a proposal to several major - 
airframe companies, it was suggest- 
ed that the new fixture be used as a 
proof load device only. A load 
would be selected that would be 
about 142 per cent above the de- 
sired minimum. Parts would be 
loaded to these values and the 
load removed. Boeing has already 
adopted this method as a standard 
procedure. 

So far as materials are concern- 
ed, in the room temperature to 900 
deg F range; 431 stainless (125,- 
000 psi yield strength), AM 350 
and 17-4 (both 120,000 psi shear 
strength) have been among those 

more on page 118 
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Engineers: 

Here are sound reasons why 

it pays to specify 

Shelby Seamless Mechanical Tubing 


USS Shelby Seamless Steel Mechanical Tubing offers you extraordinary 
freedom of design in a wide range of products from bushings to 
hydraulically operated telescoping booms. And, Shelby Seamless Tubing 
helps cut processing costs, because it eliminates drilling operations; 
enables you to replace drills with simple, less expensive boring tools, 
and it reduces tool wear and tool changes; and, more important, 

more uniform parts can be turned out by the hundreds or thousands. 


Where Shelby Seamless Tubing is used as a load-carrying member or part, 
it exhibits a number of structural advantages over other forms. 

Here are a few: it gives you a superior cross section when a part is designed 
to withstand equal loading in any direction; it resists bending stresses 
equally in all directions; it is able to absorb and localize shock; 

and in torsion, it provides better material distribution, and for a given weight, 
can withstand more load than other sections, 


And, of course, the name Shelby is backed by the world’s largest and 

most experienced manufacturer of seamless tubing—National Tube! 

The production of Shelby Seamless Tubing, from ore to finished product, 
is entirely controlled by one organization. There is no divided responsibility. 
Every foot, every length, is made under the careful supervision of 

skilled men with years of tubemaking experience. For more than 60 years, 
Shelby Seamless Tubing has been first with men who want 

the best in mechanical tubing. 


You'll find Shelby Seamless Tubing available at select Shelby Distributors 
throughout the country. These distributors are strategically located 

and expertly trained in solving all types of tubing problems. Here, 

you can choose from a complete range of sizes and stocks. If you'd like 

to find out how Shelby Seamless Tubing can be most effectively applied 


to your designs, contact your nearest Shelby Distributor . . . soon! 
USS and Shelby are registered trademarks 


National Tube 
Division of 
United States Steel 


Columbia-Geneva Stee! Division, San Francisco, Pacific Coast Distributors 
United States Steel Supply Division - United States Steel Export Company, New York 
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stainlese steel sheets up to 


extra-high-tensile 


48” WIDE 


for aircraft and missile use 


As the speed of today’s aircraft rapidly ap- 
proaches the Thermal Barrier, conventional 
metals are being left far behind in the race 
to satisfy the structural requirements of super- 
sonic craft. Needed are metals that can with- 
stand the intense heat caused by air friction 
at high speeds and still retain their strength. 
One such metal, MicroMach stainless, has been 
in use for more than a year. 

MicroMach is a special aircraft and missile 
grade of modified type 301 stainless steel sheet 
furnished to higher mechanical properties 
than are available in other commercial high 
tensile grades in the full hard condition. 

These sheets are rolled to extremely close 
tolerances (as low as plus or minus 3%) with 
micro-accuracy and precise uniformity of 
gauge. The surface of MicroMach sheet is 
smooth, clean and dense; qualities so impor- 
tant in minimizing surface friction. 


For further information write to 
Aircraft Steels Dept. 


Washington Steel 


MicroRold stainless 
steel is also available 
in all popular grades 
and to meet regular 
government. specifica- 
tions. Sheets up to 36” 
wide can be had as 
thin as .005”, and 
over 36” to 48” wide 
as thin as .010” in all 
commercial finishes 
and tempers. 


Corporation 


5-V WOODLAND AVE. 
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WASHINGTON, PA. 
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2500 


1+ PRESTRESS ———+| 


2000 


1500 


WRENCHING DEVICE, 
TORQUES OFF 


PRESTRESS (LB) 


ELLIPTICAL 
SELF-LOCKING 
DEVICE 


1000} 


500 


DRAG TORQUE 


10 20 30 40 50 60 70 80 
TORQUE (WN.—LB) 
RESIDUAL sreeses are treaeurae on 
a Miller X-Y plotter at Hi-Shear. A — 
transducer is strain-gaged to feed 
torsion and prestress data to the 
recorder. Typical plot is for 14-in. 
diameter Hi-Lok fastener made of 
2024T6 aluminum. Definitions: pre- 
stress—load built up in the fastener 
by the  torque-off; torque-off— 
torque needed to remove the collar 
wrenching device; drag torque— 
torque needed to overcome the 
resistance of the collar’s elliptical 

self-locking device. 


used most widely. In the 900-1200 
deg F range, A-286 (with 80,000 
psi shear strength at 900 deg F) has 
been widely used. The S5Cr steels, 
such as Thermold J and Vascojet 
1000 (with 120,000 psi shear 
strength at 900 deg F), look inter- 
esting but have only had limited use 

so far. 
Coatings and platings are prob- 
more on page 120 
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TITANIUM HUCKBOLT* FASTENERS offer up to 43% weight saving, high 
strength at elevated temperatures, fast installation with uniform tension and low 


installed cost. 


Titanium Huckbolt Fasteners can save as much as half a ton per average 
airframe with no compromise in strength or structural integrity. 


Their excellent pull-together, high clinch and swaged lock assure maximum 
rigidity and elimination of vibration, stripping or shake out. 


Installation is so simple that inexperienced operators can install fasteners 
accurately and uniformly at a rate that makes other fasteners expensive and 


obsolete by comparison. 


Removal for service or repair is simple and without work damage. 


*T.M. of Huck Manufacturing Company 


For complete information—write or call licensees: 


AIRCRAFT / MISSILE DIVISION 


\V A ! los al ae STANDARD PRESSED STEEL COMPANY 
(EW fae } 8 | C? Fi al r | | | 


MANUFACTURING COMPANY 


‘A division of PHEOLL MANUFACTURING COMPANY AUEACTURING COMPANY 
8463 Higuera Street * Culver City, Calif. MA A 
Rs iticorses) : 2480 Bellevue Ave., Detroit 7, Mich. Jenkintown, ij Pennsylvania 
(Licensee) 


Licensed under Huck patents No. 2,527,307 2,531,048, 2,531,049 and 2,754,703 
d at start of Product Preview Section 
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LOOK TO R/M TO MEET 
ALL YOUR TEFLON" NEEDS 


R/M—headquarters for “Teflon” products. R/M can meet all your needs for sheets, rods, 


tubes, tape, thin-wall tubing (available with ipi i i i 
it ‘ u permanent color striping for identification purposes 
and bondable “Teflon.” R/M can also supply molded, machined and extruded “Teflon” made % 


your exact specifications. 


“Teflon’s” many remarkable properties 
have established it as an important 
material for use in aircraft, missiles 
and spacecraft. Yet when you select 
“Teflon” for a particular job, you solve 
only part of your problem. Equally 
important is the selection of a source 
of supply you can depend on for both 
competent engineering assistance and 
the. production capability needed to 
meet your exact specifications and 
quantity requirements, This complete 


“Teflon” service is yours from R/M. 

A pioneer in “Teflon” application 
and fabrication research, R/M offers 
design guidance that can help assure 
maximum part performance, and its 
ample production facilities can supply 
“Teflon” in the form best suited to your 
needs. Learn more about R/M’s com- 
plete “Teflon” service—and how it can 
benefit you—by contacting your near- 
est R/M district office. Or write Plas- 


tic Products Division, Manheim, Pa. 
*A DuPont trademark 


RAYBESTOS-MANHATTAN, INC. 


PLASTIC PRODUCTS DIVISION FACTORIES: MANHEIM, PA.; PARAMOUNT, CALIF. 


Contact your nearest R/M district office listed below for more information or 
write to Plastic Products Division, Raybestos-Manhattan, Inc., Manheim, Pa. 
BIRMINGHAM 1 © CHICAGO 31 ¢ CLEVELAND 16 © DALLAS 26 © DENVER 16 ¢ 
DETROIT 2 © HOUSTON 1 
LOS ANGELES 58 ¢ MINNEAPOLIS 16 ¢ NEW ORLEANS 17 © PASSAIC © PHILADELPHIA 3 
PITTSBURGH 22 © SAN FRANCISCO 5 © SEATTLE 4 ¢ PETERBOROUGH, ONTARIO, CANADA 


RAYBESTOS-MANHATTAN, INC., Engineered Plastics e Asbestos Textiles e Mechanical Packings e Industrial Rubber 


Sintered Metal Products 


Brake Blocks e Clutch Facings e 


Rubber Covered Equipment 
Laundry Pads and Covers e 


e Abrasive and Diamond Wheels e 
Industrial Adhesives 


Brake Linings 
Bowling Balls 


Write in No. 414 on Reader Service Card at start of Product Preview Section 


120 


X 


FASTENERS... 


lems for Thermold J and Vascojet 
1000. The best corrosion protection } 
for them is given by diffused cad- 
mium-nickel plate. 

For temperature to 1600 deg F, 
Hi-Shear engineers say, nickel-base |) 
alloys, such as the Inconels, M-252 
and Rene 41, seem best. For over 
1600 deg F, molybdenum, tungsten, 
tantalum and columbium are being | 
examined. a 

The work in these ranges is in 
its early stages. For instance, engi- | 
neers say, there’s been a great deal j ‘ 
of talk about Rene 41 making a’ |) 


-good fastener material up to 1600. 


deg F, but little test work has been | 
done on this application. Rene 41 
sheet is fairly easily available, but 
headable, quality wire is limited. 
The materials properties at 1600 
deg haven’t yet been pinned down 
to percentages of room tempera- 
ture. 

A major problem is that the state — 
of the art is changing so fast that 
it’s hard to decide which materials © 
to look at for extreme temperatures. 
Materials are expensive and it’s 
hard to know what quality you'll get 
for the purposes, engineers say. All 
this makes it hard to get test in- 
formation on which dependable de-:_ 
sign data can be based. There is 
some indication that molybdenum 
and % Ti molybdenum will re- 
ceive major emphasis for extreme 
temperature fasteners. 


Experimental Ta fasteners 
are being made 


Hi-shear now is making a few 
tantalum fasteners for test purposes. 
This metal was selected over colum- 
bium because it has slightly better 
ductility, but CB is also slated for 
future tests. A major problem with 
all these exotic fastener materials, 
it’s pointed out, is that manufactur- 
ing equipment and processes will 
have to be changed drastically. 

As the exotic alloys come into 
view, attaching methods become 
critical. A material may show ex- 
cellent high strength and heat-resis- 
ting properties, and then you may 
not be able to drive it. This means, 
Dickie concludes, that fastener 
makers may have to sell not just 
the fastener, but a whole new 
fastening system, too.—IS 


MMM 
PICTURE CREDITS: Cover, p. 6—Hiller Air- 
craft; mp, 40-42—USN, de Havilland Propellers; 
pp. 46-48—Fairey Aviation, NASA, Hiller Alr- 
craft; pp. 52-55—S/A; Northrop; pp. 61-66—Nord 


Aviation, S/A; pp. 69-74—Marquardt Alreraft, 
Hufford; pp, 77-82—Waste King; pp. 85-90— 
Douglas Aircraft; pp. 99-104—USAF; pp. 107-120 


—Hi-Shear Rivet Tool; pp. 134-137—Convair; pp- 
138-139—USAF. 
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Shown is the Talon T-38 trainer, developed in parall 
supersonic jet fighter by Norai 
When the N-156F comes off the production lin 
power supply 28VS100BL-1—a 100 amp, 
designed to Northrop specifications. 


el with the new N-156F 


r, a division of the Northrop Corporation. 
e, it will carry Chatham 


plast-cooled, silicon unit especially 


Chatham power supplies selected 


for XN 


reg 5 


Northrop, to secure the finest quality materials and 


components for its new N-156F supersonic counterair 


fighter, called on over 575 different manufacturers, 
each a specialist in a particular field. For power 


conversion equipment, Northrop chose Chatham. 


Chatham power supplies come highly recom- 
mended for use in military fighters. Performance 
of Chatham. units in aircraft of all types points up 
their extreme reliability — an assurance emphasized 
by Chatham’s enduring reputation as a maker of 


trustworthy electronic components. 


Another advantage — exclusive with Chatham — 
lies in the fact that Chatham fabricates all of the 
solid state components (silicon, ‘selenium, or ger- 


WwW 


space-age jet fighter! 


manium) used in each unit. By -strict control of 
component dimensions, Chatham can satisfy electri- 
cal needs, yet keep size and weight at rock bottom 
figures — a combination that fosters top efficiency. 


You can join Northrop and the many other air- 
frame manufacturers that now profit from the bene- 
fits offered by Chatham power supplies. Send for 
folder T-16 that describes stock models! Or outline 
your needs and well design and make the original 
unit that best meets them. Chatham Electronics, divi- 
sion of Tung-Sol Electric Inc., Livingston, N. J. 


CHATHAM... world’s leading supplier of 
airborne conversion equipment. 
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Ryan has built every production rocket motor 
for America’s first operational guided missile 
—the Army’s Corporal — for over five years. 

It takes tremendous power to boost the 10-ton Cor- 
poral to Mach 8 flight speeds... to drop its atomic blast 
on a target 100 miles away. And this power must be 
controlled with pinpoint precision. 

Ryan achieves this fine precision by forming, weld- 
ing, and machining Corporal rocket motors to labora- 
tory-like tolerances. Ryan has over twenty years’ 
experience in this exacting type of work, which merges 


high-temperature metallurgy with manufacturing skills. 

Designed by the Cal-Tech Jet Propulsion Labora- 
tories, the Corporal motor is built by Ryan for the 
Firestone Tire and Rubber Company, prime contrac- 
tors for the Corporal missile. 

The Army relies on the Corporal’s rocket motors for 
unerring performance—shot after shot. America’s 
aircraft, engine, and missile manufacturers can rely on 
Ryan, too—for building complete propulsion systems 
...for building single components for rocket motors, 

- ramjets, or turbojet engines. 


RYAN BUILDS BETTER 


Write in No. 416 on Reader Service Card at start of Product Preview Section 
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Special synchros have been designed at Clifton Precision to meet shock 
requirements as high as 80 g’s. Vibration requirements involving 0 to 
2000 cps and 20 g’s have also been met. Clifton’s versatility in the design 
of brushes and slip rings has permitted us to meet very exacting customer 
specifications. Let us know your requirements! 


A year and a half ago we announced our synchros 
for direct turbo jet engine mounting which success- 
fully resist 450°F. Since then we have progressed to 
where we are developing synchros that withstand 
800°F for short periods and retain their precision 
characteristics. 


Our high temperature resistant line of synchros can 


now be obtained in sizes 8, 10 and 11. High tempera- SIZE & syncHro 


ture units also available in our servo motors, motor BOTUARIS IES 


generators and precision computing resolvers. 
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We recently delivered radioactivity resistant synchros to a manufacturer 
of radioactive material handling equipment. When tested, these synchros 
successfully resisted unremitted radiation from 1 Kilocurie of Cobalt 60 
for 2 weeks. The synchros remained functional in all respects i.e. accu- 
racy, nulls, lubrication, insulation unimpaired. : 


For information call or write: Sales Department, 9014 West Chester 
Pike, Upper Darby, Pa. (Suburban Philadelphia.) HIltop 9-1200 or our 
Representatives. 


LOOK TO CPPC for ANY ROTARY COMPONENT 


CLIFTON PRECISION PR 
CLIFTON /BEIGHTS, PA. 
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ENGINEERS—Do you want rapid growth as an “extra” in your career? — 


Write David D. Brown, Personnel Director, Dept. J5 
Write in No. 417 on Reader Service Card 


ODUCTS CO., INC. 


80 g's 
20 g's 
0 to 2000 
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IRE SHOW held in March in New York City 
turned out to be a technical flop (but set a record 
as the best-attended trade show in IRE history). 
The much publicized technical program was a 
bitter disappointment. 

Good papers were scarce, papers with timely 
and new information were scarcer still. Many of 
the papers were on the technical level of “after- 
lunch” talks, others were “over-titled”, promising 
more information than they actually contained. 


NATIONAL IRE should take a cue from some 
of its professional groups and have proceedings 
available before the conference. This would give 
engineers trying to figure out what sessions to 
attend more to go on than scanty synopses and 
misleading titles. For real technical meat and 
up-to-the-state-of-the-art discussions, the engineer 
gets much more out of professional group con- 
ference in his particular area. 


Panels gave little 
information at the IRE show 


PANELS at the IRE show were especially poor 
from the standpoint of information dissemination. 
That on “Future Developments in Space” was the 
low point of the entire conference. 

Very little was said about spaée electronics at 
all. Most ofthe “name” panelists seemed un- 
prepared and totally unacquainted with the type 
of information their audience of some 2000 
engineers was looking for. The panelist on space 
navigation apparently canceled out at the last 
minute. As it developed, the panel was dominated 
by two “space medics” simply because they were 
the only ones who had anything interesting to say. 

If IRE is going to be an important group 
‘in space electronics, it had better demonstrate 
more technical leadership in this field. 

e 


TROUBLE with the Air Force’s electronics is 
that it uses too many of the design and techniques 
evolved from “entertainment electrons,” complains 
Col. C. H. Lewis, , chief ARDC’s Electronics 
Directorate. USAF needs 20-30 times better and 
more reliable equipment, he says, than that 
designed for entertainment purposes. 
Present USAF goals, according to Lewis, are: 
e To design equipment with inherent life long 
enough to do the job—whether it be for the short 
time of a missile flight or for a year-long space 
voyage. 


space/aero electronics intelligence 


e To eliminate energy-consuming components 
—power consumption should be in milliwatts, 
not watts. 

e To increase greatly the number of functions 
per unit volume—1.5 million functional units 
per cubic foot should be possible. 


USAF aiming far beyond 
Army’s microminiature program 


COMMENTING on the Army’s microminiature 
module program, Lewis called it a commendable 
effort but still far short of USAF’s goal. It is 
still basically a component concept, he says. 
USAF hopes to skip this phase of size reduction 
and get into “grown” molecular electronic circuits. 

The ARDC electronics chief expects it will be 
at least four years before USAF-sponsored mo- 
lecular programs will bear hardware results. 
ARDC is now negotiating with industry on these 
programs, he says. 


ATOM BOMB LOGIC is one interesting program 
ARDC is working on, according to Col. Lewis. 
It is trying to develop a system that would keep 
a nuclear warhead from deteriorating if the bomb 
should veer off in the wrong direction. 

e 


ASW RESEARCHERS at American Bosch Arma 
believe they may have found proof of the ex- 
istence of a previously unknown radioactive field 
that can be detected, generated, and controlled. 
Their finding is based on physical theory and 
mathematics, not on experiments. 


THIN-FILM solar cells would be a breakthrough 
in the state of the art, claims Dr. W. J. Vander 
Grinten, of GE’s Research Labs. They would cut 
weight and probably cost, too, making solar cells 
decidedly more practical. (Today it takes about a 

more on nexf page 
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Cover story—GE’s optical 
sight used in missile-firing 
F-104 automatically com- 
putes lead angle from ra- 
dar range, plane’s speed 
and altitude, and angular 
motion sensed by its gyro. 
Range marker moves ccw 
as plane closes in. Glass 
plate combines display and 
optical sighting. 
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pound of silicon cells to get five watts output. 
Cost is around $500). So far no one has figured 
out a way of making the solar films, Vander 
Grinten says. 


AIRBORNE ATOMICHRON in development at 
National Co., Malden, Mass., weighs some 60 Ib, 
puts out a 100-kc signal with stability of one part 
in 10°. It will warm up in 30 minutes and 
operate under Mil-E-5400 conditions. WADC has 
contracted with National for a 23-lb, one-cubic- 
foot version of the atomichron for use in missiles. 


Power supply for Atlas puts 
out two kva 


ATLAS’ transistorized power supply, in_ pre- 
production phase at Varo, can put out two kva. 
The three-phase, 400-cps supply has a regulation 
of one per cent in voltage and 0.1 per cent in 
frequency. 
® 
FIRST “CHEAP” GYRO ever made by Minne- 
apolis-Honeywell has a gas-driven rotor. The gas 
is contained in a cartridge. At a present moment 
a knife automatically comes down and chops off 
the neck of the cartridge, releasing the gas to 
drive the rotor. 
The gyro is used for short range missiles. 


ELECTROSTATIC gyro progress at Minneapolis- 
Honeywell has been unusually good in last six 
months, according to a company spokesman. Now 
M-H foresees the use of this gyro “in places here- 
tofore felt impossible.” 

ESG has been in the works for three years at 
M-H under sponsorship of BuShips and with the 
assistance of the Office of Naval Research. It 
will be M-H’s first two-axis gyro. (GE, too, is 
reported to have an electrostatic gyro.) 


Librascope guidance system for 


anti-sub missile 


ASROC anti-sub missile, to be launched from 
surface ships, will have a new guidance system 


built by Librascope. Presently there are two Asroc . 


versions: one uses a torpedo warhead and acous- 
tical guidance, the other a depth-charge-type det- 
onation system. Some 400 Asrocs have already 
been fired—all from land. 

e 
PIASECKI AIRCRAFT jumped into electronics 
with both feet in when it bought an electronics 


plant at Mayfield, Pa. The new Piasecki Mayfield 
Electronics Div. is geared for production of nu- 
cleonic, electronic; and electromechanical as- 
semblies.-——— 


TITAN ICBM will get all-inertial guidance sys- 
tem under a contract just let to AC Spark Plug 
by USAF, The system will be based on basic 
research done by MIT. 

Earlier contracts for Titan radio-command 
guidance system still hold good, however—this 
equipment will be installed in the missiles going 
to the early Titan squadrons. 


RADIO-COMMAND guidance system for the 
Titan has an “extra-ordinary degree of invulner- 
ability to both friendly radio interference and in- 
tentional enemy electronic countermeasures,” 
boasts Bell Labs. Bell is teamed with Remington 
Rand-Univac on the guidance system. It makes 
the radio and radar and Rem-Rand the system’s 
Athena transistorized digital computer. 


FAA will close down TDEC’s 
Indianapolis facilities 


ONE of the finest teams in aviation electronics 
history will be disbanded when FAA closes down. 
its Technical Development & @ngineering Center 
at Indianapolis, Ind., around July 1. FAA will 
take many of the technical specialists into its 
development groups at Washington, D. C., and 
Atlantic City, N. J. 


FACILITIES OF TDEC may be taken over by 
Hazeltine Electronics for use as IFF and AEW 
test and development area. Hazeltine has just 
about concluded, negotiations with the city of 


- Indianapolis for a lease. The facility includes an 


airstrip, which would be extremely useful in the 
IFF and AEW work. 

Some 40 engineers from TDEC have signed up 
with Hazeltine and will remain at the Indianap- 
olis site. If the deal goes through Hazeltine 
would form new subsidiary. 

Hazeltine also has plans for sizeable expansions 
of its home facilities in the New York area. The. 
company did some $62 million in electronic sales 
last year. 

e 
DOPPLER OMNIRANGE might be the an- 
swer to VOR site errors. According to extensive 
tests made by FAA on several difficult sites, 
Doppler omni has cut scalloping and course 


more on page 128 
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Curves illustrate typical delay time 
per stage vs. gain-bandwidth product 
and fanout for the switching circuit 
shown below. 
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*Collector Volts = -7, collector ma = -5 
**Collector Current = 100 ha 


RCA-2N643, RCA-2N644, and RCA-2N645 feature controlled 
minimum gain-bandwidth products, of 20, 40, and 60 Mc 


RCA continues to pioneer superior-quality semiconductor devices with the RCA Field Offices 


new RCA-2N643, RCA-2N644, and RCA-2N645 “Drift” transistors. These three EAST: 744 Broad Street 
uy < es Fi : 4a: Newark 2, N. J. 
new units feature controlled minimum gain-bandwidth products permitting HUmboldt 5-3900 
the design of extremely high-speed non-saturating switching circuits with NORTHEAST: 64 ‘‘A" Street 

cs Py 5 S Se eee Needham Heights 94, Mass. 
rise, fall, and propagation time in the order of 20 millimicroseconds. Hillcrest 4.7200 
For your high-speed switching circuits requiring pulse repetition rates up to EAST CENT RT: Dey Bldg., Detroit 2, Mich 
10 Mc, investigate the superior design possibilities and benefits available CENTRAL: Suite 1154, Merchandise Mart Plaza 
to you with the new RCA “Drift” transistors-RCA-2N643, RCA-2N644, and paces 
RCA-2N645—hermetically sealed in cases utilizing dimensions of Jetec TO-9 WEST: 6355 E. Washinaton Blvd. 
outline. Your RCA field representative has complete details. Call him yd sakes mele 
today. For technical data, write RCA Commercial Engineering, Section E-59-NN, ora oa Ne Wiluihian Street 
: F Dayton, Ohi 
fromerville, N. J. Baldwin 6-2366 


1625 ‘'K'' Street, N.W. 
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ty/ ) - Somerville, N. J: 


errors by factors as high as 20. Tried out on good 
VOR sites, the improvements were least 6:1. 
VOR Doppler is compatible with airborne re- 
ceiving equipment, but the VOR ground station 
would be substantially different. FAA is already 
thinking in terms of using the system at some 50 
difficult VOR sites throughout the country. 


VOR DOPPLER was invented by Paul Hansel, 
chief radio engineer of Servo Corp. of America, 
back in ’45. Hansel and Servo have been pressing 
for its acceptance ever since. Some of the techni- 
cal people at Servo and within FAA claim that, 
had Doppler omni been accepted years ago, the 
entire VOR-Tacan controversy would have been 
avoided. They point out that the big advantage 
of Tacan over VOR is that Tacan has far less 
site error—yet Doppler VOR already reduces 
site errors to negligible values. 


34 million components 
per cubic foot with 
semiconductor solid circuits 
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SEMICONDUCTOR solid circuits were demon- 
strated by Texas Instruments at National IRE 
show. TI starts with one base material (silicon or 
any semiconductor) and out of it forms diode, 
transistor, resistor and capacitor elements. It has 
already made multivibrators about the size of the 
head of a match. Component densities ranging 
up to 34 million components per cubic foot are 
possible with this technique, says TI. It is now 
working on specific circuits for “undisclosed cus- 
tomers” (believed to be some of the large missile 
system producers). 

Lockheed and most other systems manufac- 
turers are known to be exceedingly interested in 


solid state circuits. Lockheed has already hired ~ 


Dale Fuller, one of the nation’s top molecular 
electronic scientists, from Varo. 
e 

THERE’S NO reason to build better inertial de- 
vices for operation outside the atmosphere, 
claims Bob Maze, head of inertial sensor research 
at Minneapolis-Honeywell. Undersea warfare 
and missile guidance still need more precise in- 
ertial systems, but what we have now will do 
for space vehicles, he says. 

Problem in inertial systems for space vehicles, 
claims the MH researcher, is adapting what we 
have to the vehicles and building new devices 
for space along conventional lines. 


INFRARED as a means of detecting and homing 
weapons against enemy subs is being studied by 
several firms and-research groups with both AF 


_and Navy support. One technique that has been 


mentioned is the detection of hot patches of 
ocean On or near the surface said to exist while 
a sub is in the vicinity and for a brief period 
after it has passed. One engineer questioned by 
SPACE/ AERONAUTICS probably voiced the opinion 
of most when he guessed that, as things stand 


now, sonar is better than IR for detecting sub-~ 


merged _ subs. 


UNDERWATER use of IR is probably out, be- 
cause of the ocean’s killing attenuation of any 
heat radiation. Rumor has it the Navy is pressing 
research into other new and exotic underwater 
detection media. 

Two novel approaches are reportedly also 
being sought for improving the effectiveness of 
present techniques: 

e changing the condition of an ocean area to 
support detection better, 

e producing changes in an ocean area that 
would in some way make any sub in it a better 
target. 


MIT LINCOLN LABS’ ‘successful Venus con- 
tacts with its Millstone Hill, Mass., radar largely 
depended on a solid-state maser used as a low- 
noise amplifier. This was not only the first known 
use of such a maser in a practical system but 
also the first at frequencies as low as the lower 
UHF band. The Millstone Hill radar operated 
at about 300-500 me, with a pulse power of 
265 kw. 


THE MASER is a.scrystal of chromium-doped 
potassium cobalticyanide. Reportedly it gave the 
radar receiver a noise improvement of a factor 
of four. 

According to one of the scientists at the radar 
site, the maser had a noise temperature of 70 
deg K. Added to the extraneous noise, this gave 
a total noise temperature of 170 deg K while 
looking at Venus. 

The signal to be amplified was coupled into 
the crystal through a tuned lead-wire loop en- 
circling it. Power was then pumped into the 
crystal via the cavity at 5400 mc (much higher 
than the signal frequency). The signal was re- 
turned from the crystal by way of the same wire 
loop, amplified by a factor of 325 (25 db). 
Subsequent amplification was through conven- 
tional stages. 
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CHARGE, MASS, AND SPIN of electron results in angular PROJECTION OF 


: : ANGULAR MOMENTUM 
and magnetic moments (right). When atoms are placed VECTOR @N MAGNETIC 


in magnetic field, electrons—because of their magnetic FIELD VECTOR 


moments—experience orienting torques. The constant MAGNETIC ANGULAR 

field Hac furnishes a definite reference direction in space FIELD VECTOR MOMENTUM | 
for magnetic and mechanical vectors of the particle. DC MAGNETIC DC MAGNETIC 
Left: Torque due to magnetic field causes total angular a Lares FIELD (Hac) FIELD (Hae) 
momentum vector (p) to precess about direction of  “_ Dy ens 


magnetic field as an axis, always keeping same inclina- 
tion angle 6. Vector has projection (px) on magnetic axis 
so that px= pcos 9. Magnetic field quantizes atoms so 
as to keep constant the component of angular momentum \ 
(px) in field direction. \ 
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Researchers explore @XOFIC gyros 


by James Holahan, Electronics Editor 


The use of the gyromagnetic propertie: 
of electrons and nucleons for rate anc 
displacement sensing has long been % 
favorite conversational topic among inertia 
component and system engineers. Now, it 
a serious effort to replace the gimballec 
spinning wheel configurations, many gov 
ernment and industry research program: 
are looking into the possibilities of th 
particle gyro. 


Tue ESSENTIAL JOB of a gyroscope is. to establis! 
a frame of coordinates in space, so that we can eithe 
find the rate of motion relative to that frame or mak 
sure the frame is fixed and stays fixed in space. Th 
gyroscope problem therefore boils down to ‘puttin 
Newton’s laws or their quantum mechanical equiva 
lents into hardware. 

In “inertial quality” gyros we seem to have abou 
reached the limit of present techniques. In the bes 
operational gyros, random drifts have been cut t 
around 0.01 deg/hr by milking conventional desigr 
machining, and assembly methods to just about thei 
practical limits. Further improvements along conven 
tional lines require an inordinate amount of work fo 
minute performance gains. 


CRITICAL TOLERANCES demanded by _inertial-qualit 
gyros tax machining and assembly skills and techniques 
New sensing schemes are definitely needed. 
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PARTICLE GYRO: Simple classical theory of two methods 
being worked on for particle gyros. Drawings show 
operation for each only in one plane. Actually both 
techniques would use three mutually perpendicular sys- 
tems to sense the three components of angular velocity. 
Both techniques are based on quantum mechanics, but 


because of the large amount of molecules even in a 


Long aware of this: problem, the military and the 
gyro designers have been searching for completely 
new approaches that might bring improvements by a 
whole order of magnitude. Most “exotic” is the idea 
of using rotating atomic particles instead of the con- 
ventional gyro rotor. 

The basic problem here is to harness the inherent 
angular momentum of protons or electrons that have 
been spatially oriented, or “quantized”, by an applied 
constant electric or magnetic field. The particles, be- 
cause of their motion and charge, have both mechan- 
ical and magnetic moments. These moments give the 
particles the two fundamental properties of gyros 
around which are built most guidance, navigation, 
and stabilization systems: precession and rigidity in 
space. 

The “particle” gyro does not depend on just a 
single particle for its operation, rather large groups 
of particles in a substance are used to produce gyro- 
magnetic properties on a detectable level. Microscop- 


- May 1959. 


small quantity of the substance (gas, liquid, or para- 
magnetic solid), detecting the rate or amount of turn 
becomes a Statistical problem and so can be described 
in classical terms. In detecting frequency, for example, 
there are no quantum jumps (as there would be with 
single particles)—the change of frequency is con- 
tinuous. 


ically (from a single-particle viewpoint) the device 
follows the laws of quantum mechanics. Macroscop- 
ically, however, it behaves, because of the statistically 
predictable nature of a large number of particles, like 
conventional gyros, according to Newtonian concepts. 

The particle gyro is really one of the first practical 
applications of quantum mechanics. For this very rea- 
son gyro researchers are handicapped—there are many 
gaps and unproven assumptions in this new field. How- 
ever, according to theoretical calculations by several 
study groups, partical gyros with random drifts of 10° 
to 10-* deg/hr are possible. 

It is fairly well established that the nucleons (pro- 
tons and neutrons) and electrons of an atom possess 
angular moments, since they orbit around a central 
axis and spin around their own axis. Much more is 
known about the electronic structure of the atom than 
of the atomic nucleus. However, electronic concepts 
have been applied to the nucleus (in the form of the 


more on next page 
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The Particle Gyro—A Controversial Topic 


Most gyro developers agree that we need bold new 
ideas if we are ever to get “order of magnitude’ im- 
provements over conventional gyros. There is much less 
agreement, however, that the particle gyro represents a 
worth-while effort in this direction. Generally the more 
hardware-minded people think the particle gyro is a 
fascinating device that will never work. The research- 
oriented people—even within the same company—agree 
that only lack of engineering effort is holding back the 
particle gyro. 

WADC apparently is enthusiastic. But one leading 
precision gyro maker thinks Wright Field officers are 
technically not qualified to judge the merits of particle 
gyro projects and are throwing away taxpayer's money 
on “‘blind-alley’’ research. 

There are probably over a dozen military-sponsored 
research projects in the particle gyro area. All are rela- 
tively small, and some are funded with money ‘‘bor- 
rowed”’ from weapon systems. According to a reliable 


industry source, a total of about $1.5 million is tied up) 
in R&D on exotic gyros. 

General Precision Labs and Maxson, both working. 
under WADC contracts, are confident they will at least 
be able to prove that the principles on which their 
particle devices are based are sound. AC Spark Plug, | 
Arma, Autonetic, Hoffman Labs, Martin Co., Minne-— 
apolis-Honeywell, Motorola, and Sperry are also study: | 
ing particle gyro phenomena. 

Arma especially has been quite active in “‘blue-sky’” 
approaches to inertial sensing. Its research has probed : 
into devices based on the interaction of charged particles © 
with electromagnetic fields to create inertial effects; | 
hydrodynamic gyros; the interference of particles in 
inertial space;- magnetohydrodynamic gyros; relation — 
gyros, using solid state samples; elastic gyros; and 
particle gyros. According to Arma, hydrodynamic and 
elastic types look more promising than any other gyro’ 
it has investigated. 
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First Practical Use of Relativity 


Maxson calls its particle gyro an ‘‘ElectroMagnetic 
Inertial Rate’ (Emir) type, ‘‘expected to be purely elec- 
tronic in nature and employ[ing] no moving parts’’ to 
sense angular rate of motion. 

The Emir principle is based on the interference prop- 
erties of electromagnetic waves in an accelerated frame, 
the acceleration being caused by the rotation of the 
frame. As such, claims Maxson, this ‘‘phenomenon be- 


longs to the sphere of the principles of general relativity, 
and it is believed that the successful development of 
Emir will be the first known practical use of this theory.” 

Emir has potential use in all types of vehicles, but 
is earmarked in particular for space navigation and 
guidance, says Maxson. Wright Aeronautical Development 
Center’s Weapons Guidance Lab is the contracting © 
agency. 


MM CT CT Te 


nuclear shell model) and appear to hold for it as well 
as for the atom. 

Completed electron shells in an atom have no net 
angular momentum, for the orbit moments neutralize 
one another, and so do the spin moments. Only the 
electrons outside closed shells contribute to the total 
angular momentum of the atom. This shell concept is 
believed to hold for the nucleus also. Because only 
“open shell” atoms and nuclei contribute to the total 
angular momentum these are the ones used for particle 
gyro experiments. 


Electrons develop magnetic moments 


Because of their charge and motion, the electrons 
develop magnetic moments, too. These—expressed in 
Bohr magnetons (each equaling 9.27x10-21 erg/gauss) 
—are larger than the corresponding angular moments. 
Because of their negative charge, they are also op- 
posite in direction to the corresponding angular mo- 
ment vectors. In the presence of a magnetic field, the 
resultant vectors (angular and magnetic) will precess 
about the field vector (see Schematic). 

According to the so-called Larmor theorem, the 
angular velocity of the precessing vector is: 

o = (e/2mc)H = (p/p)H, 
and the frequency of precession is: 
f = (e/4xmc) = (y/2np)H 
where e is electronic charge (in esu); m, mass of the 
particle; c, velocity of light; u, magnetic moment vec- 
tor, p, angular momentum vector; and H, constant 
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magnetic field. The angular momentum is in h/2x units 
(A being Planck’s constant). The ratio p/p is called 
the gyromagnetic ratio. Its value for particles ranges 
from six to —0.3; for protons and electrons it is 
about 5.3. : 

The angular and magnetic moments of the nucleus 
are the vector sum of the individual nucleon angular 
and magnetic moments, respectively. Like the electron, 
nucleons have both orbital and spin moments and are 
quantized by a constant magnetic or electrical field. 
When quantized, they precess about the field vector 
at the Larmor frequency. 

Precession is easier to detect with protons than 
with electrons, say researchers. For practical magnetic 
field strengths, the proton’s precessional frequency is 
in the megacycle range. (In a field of 12,000 gauss, pro- 
ton precession in hydrogen would be 40 mc.) 

The proton also has the advantage of 1840 times 
more mass than the electron, which makes it the larger 
“gyro rotor.” The electron, because of its smaller mass, 
has a precession frequency in the millimeter and sub- 
millimeter range. 

As with conventional gyros, the types of particle 
gyros that are being worked on depend on either 
precession or rigidity in space. The former property 
naturally lends itself to rate gyros. Any imposed ex- 
ternal angular momentum vector—such as that im- 
posed by a turning vehicle—vectorially adds to the 
particle’s own angular momentum vector. The magnetic 
moment likewise changes. This in turn changes the 
Larmor frequency proportionally to the rate of turn. 
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The new frequency can then be detected by the 
magnetic resonance or absorption methods now used 
by physicists for measuring electronic and nuclear 
moments. 

To detect the rate of turn about all three axes of 
a vehicle, three mutually orthogonal particle gyros 
would be needed. 

The second type of particle gyro uses the rigidity of 
molecular spin states in liquids and gases. Molecules 
possessing magnetic or electric dipole moments are 
aligned by application of a constant electric or magnetic 
field. The field is then removed so that the vehicle is 
free to turn about these fixed spin axes without dis- 
turbing them. However, once the field is removed the 
dipole moments tend to “relax” into their original dis- 
oriented state of random thermal motion. 

Because this return is caused by the various particle 
motions within the atom, lowering the temperature to 
cryogenic levels slows down the process, or extends the 
relaxation time. Samples at liquid helium tempera- 
tures have relaxation times of a few hours, researchers 
report. 


Molecules ‘‘memorize’”’ their direction 


-The purpose of the long relaxation times is to let 
the molecules “memorize” their direction in space for 
a usefully long period. The spins could be affixed to 
space coordinates by aligning them originally with a 
distant star. In a similar manner they could be in- 
dexed to serve as a reference for any set of coordi- 
nates. So oriented, the gyro could be used to measure 
both displacement and rate of displacement. 

In one particle gyro type that is being worked 
on, liquid helium is used as the sensitive substance. 
It is quantized by a magnetic field, and then the 
field is quickly removed, leaving the fixed orientation 
of the dipoles dependent on their rigidity properties. 

Sensing in some instances is being done by sending 
a source of polarized ultraviolet light through the spin 
system. The original polarization would be aligned 
with and fixed to a particular axis of the vehicle. As 
the vehicle turns, the spin would tend to keep its 
fixed orientation, but the angle the polarized ultra- 
violet light makes with the spin system would change 
as a function of the amount of turn (or rate of turn, 
depending on how the detector would be arranged). 
Because of the different angle of intersection of light 
and the molecules, the intensity of the light would also 
change as a function of the amount (or rate) or turn. 

Since the spin system tends to precess back into a 
random state, such a gyro obviously would have a lim- 
ited useful life unless it were recalibrated periodically. 
Cryogenic temperatures would prolong the alignment 
time as well as the relaxation time. Some of the groups 
that have looked into this problem suggest using two 
gyro systems—one “uncaged” (i.e., aligned and then 
freed of the, aligning field) and operating and the 
other “caged” and subjected to the aligning field and 
kept in standby. The pilot would use the two alternately. 

As with the precession type, three systems would 
be needed for sensing in three dimensions. 

Perhaps the key problem of particle gyros is de- 
tecting the minute radiations that accompany accelera- 
tions to the particles caused by changes in the motion 
of the vehicle. The effects are microscopically small 
and subject to disturbance on atomic, nuclear, and 
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thermodynamic levels. It all adds up to a terrific signal- 


to-noise ratio problem. For example, for the magnetic- 


resonance method of detection, one researcher calcu- 
lates, the induced output voltages indicative of 
resonance would be in the microvolt or micro-microvolt 
(10-47) range. 

Where rate of turn is the desired parameter, for in- 
stance, the problem is essentially one of detecting a few 
cycles (corresponding to vehicle rate of turn) in tens 
of megacycles (for proton precession) or many hun- 
dreds of megacycles (for electron precession). Because 
of the large ratios involved and the limitations of in- 
strumentation, the higher the magnetic resonance 
frequency, the worse the sensitivity. 

Among the many and varied approaches to particle 
gyros design that are being tried out, the two major 
appear to rely on the detection of proton precession 
and the use of “relaxed” spin states, respectively. 
Water is being used by some groups as the aciive 
element—or rather the single proton in each hydrogen 
atom (the oxygen atom doesn’t play any role). Other 
substances that are being used are elements with incom- 
plete outside shells. 

For solid substances, diamagnetic and paramagnetic 
elements are used rather than ferromagnetic ones. The 
latter suffer as particle gyro substances because they 
do not leave the particles free to align with the field 
(neighboring particles interfere). 

Some groups are trying to accelerate particles to 
relativistic orbital velocities. Here the angular mo- 
mentum of the particle would be greatly increased, 
both because of the higher speeds and because of the 
mass increase according to the Einsteinian relationship 
between mass and velocity.—End 
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ELECTROSTATIC GYRO 


ELECTROSTATICALLY suspended gyro: The spherical 
rotor is suspended between three pairs of support elec- 
trodes. Sixteen other electrodes form capacitances Cj, Co, 
etc., with the rotor. These serve to detect direction in 
three-dimensional space. 
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AZUSA tracker at Cape Canaveral. 


Azusa 
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predicts ballistic missile impact points 


Originally designed as the basic guidance 
system for the Atlas, the phase comparison 
Azusa system now is the prime tracker 
for most ballistic missiles fired at Cape 
Canaveral. Coupled with an IBM 701 and 
plotting boards, it predicts the impact 
points for all these missiles. 


by S. L. Ackerman and R. C. Weaver 


Senior Project Engineer G Design Specialist, Convair-Astronautics* 
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Tue IMPACT POINTS of ballistic missiles launched 
from the Air Force Missile Test Center (AFMTC) at 
Cape Canaveral, Fla., can now be accurately predicted. 
An electronic tracker-computer-display system contin- 
uously predicts the point at which the missile would 
impact if thrust were cut off at the time for which the 
prediction computation is made. 

Previously radar plots were used to show the present 
position of missiles during test flights. This scheme only 
worked for relatively slow, aerodynamic birds, such as 
the Matador and the Snark. Their low speed left ample 
time for range safety action in case they went astray. 
Besides, since the free-fall trajectory after power cutoff 
of missiles with lift surfaces cannot be accurately an- 
alyzed, no serious attempt could have been made to 
predict an impact point for such vehicles. 


(1) Conyair-Astronautics Div., General Dynamics Corp., 

1128, San Diego 12, Calif. The authors wish to acknowicdge an help 
of the Convair-Astronautics Flight Performance Analysis Group ani 
specifically that of Dr. R. M. Leger and Messrs, M. Blum, H. Gott- 


- schalk, and P. Henry. 
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AREA of 47 per cent hit Probability. My and M, are 
RMS values of dispersions due to random noise in the 
tracker data. 


The prime reason for an impact predictor (IP) is 
Tange safety. A second, closely related factor is that an 
accurate IP allows narrower destruct corridor limits. 
For example, if the impact has to be close to instru- 
mented and inhabited areas, then a low accuracy track- 
ing and IP system require large safety margins outside 
the absolute destruct corridor limits. If the system is ac- 
curate enough to give the range safety officer (RSO) a 
great degree of confidence in the indications of actual 
missile position and consequently the predictions of 
impact dispersions, then the~cofridor limits may be 
narrowed without compromising range safety. 

The required tracker accuracy is directly related to 
the aliowable impact dispersions. If larger impact areas 
and wider flight corridors are permitted, then tracking 


data can be less precise. 


If one had the entire Atlantic Ocean as the impact 


area, impact prediction would be easy. The vehicle - 


would merely have to be tracked to make sure it was 
programed properly and was traveling towards the 
ocean. Except in the case of a complete turn-around, 
this would be enough to meet the range safety 
requirements. 

From this extreme we may go to the case in which 
the missile must pass close to inhabited areas or the 
impact point must be near instrumented sites or in a 
small recovery area. Here it is desirable to narrow down 
the flight corridor to limits that can be readily described 
from a tracking and prediction standpoint but still give 


_ the RSO adequate destruct margins for protection of 
_ life and property. 


Normally the accuracy requirements are related to 
the ability to smooth the data so as to reduce disper- 
sion. Unfortunately, normal smoothing techniques intro- 


duce time delays that may become intolerable for high 
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speed vehicles. A compromise usually has to be made 
between maximum accuracy and minimum delay. 

In tracking from behind the launching site, the more 
demanding parameter is radial velocity, rather than 
angular velocity or position information. 

The dispersion of the predicted impact point caused 
by dispersions in the tracking data can be resolved into 
cross- and down-range dispersions. Dispersions due to 
Tfandom noise in the tracker data are represented 
by root mean square values Mg and Mp, respectively. 


M, and M, Tepresent dispersions due to bias in the 
tracker data. 


One-sigma dispersion values used 


Since M, and Mp are computed as the One-sigma? 
values of impact dispersions, there is a 68 per cent 
probability that all impact points will be in a zone 2M, 
wide that brackets the locus of nominal impact points. 
A similar situation exists for a zone 2M, wide that 
brackets the true impact point (corrected for delays 
caused by smoothing and computing time). 

The area contained in both these zones has the di- 
mensions 2M, by 2M,. The probability of an impact 
prediction’s falling in this zone is about 47 per cent 
(see Schematic). If three-sigma values are used, then 
the area with the dimensions 6M, by 6Mg gives a 99 
per cent probability. 

Values of cross- and down-range dispersions have 
been computed for three fictitious missiles with impact 
ranges of 150, 1500, and 5090 miles. Azimuth and 
elevation angle and range data of three different quali- 
ties were assumed. The one-sigma values (4, op, or) of 
the poorest position data for tracker A were 0.25 milli- 
radians (with no cross-correlation) in azimuth and 
elevation and 25 ft in Tange. 

Tracker B was assumed to have one tenth as much 
disversion of angle and range data as A. Tracker C was 
assumed five times better than B. The results of these 
calculations are given in Table J, for the three fictitious 
missiles. One-second midpoint smoothing was used in 
deriving velocity from position, and one second was 
used on the position data. 


Smoothing time vs dispersion 


Additional data showing the effect of increased 
smoothing time on impact point dispersions are given in 
Table II for the 5000-mile range. In this example, 
tracker A is used with one-, two-, and three-second 
smoothing periods. Appropriate changes in the order 
of the curve-fitting polynomial were applied as the 
smoothing time was increased. Midpoint smoothing was 
used in all cases. This results in a time delay equal to 
half the smoothing interval plus any delays due to com- 
puting and display procedures. 

Total dispersion caused by bias and random errors 
in data is the root sum square of the values of disner- 
sions for bias and random noise considered separately. 
Table III shows the disnersion components M.. and 
My caused by bias errors that are equal to the one- 
siema values of random error for trackers A and B. 


(2) A term from probability theory standing for the standard devia- 
tion, defined as the RMS value of the deviations of like quantities 
from their mean value. 

more on nex? page 
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IMPACT PREDIC- 
TION plotting 
boards in the 
computer room at 
Cape Canaveral. 
Made by Electron- 
ic Associates, the 
boards are Vair- 
plotter types. 


Total dispersions TM, and TMp are the root sum 
square of their components My, My, Mp, and Mp: 

TMo = (M,* + M.?)”, TMp = (M7? + Mp’). 
Thus it is not worth while to make the error due to 
random noise much less than the error due to bias. 

Long smoothing intervals with midpoint smoothing 
result in prediction data that is late by half the smooth- 
ing period plus computing and data handling time. In 
the case of an ICBM, in which impact range may 
change by as much as 200 mps near burnout, this can 
be serious. 

Endpoint smoothing can considerably cut the delay, 
but at the cost of increased dispersion and considerable 
overshoot of the predicted impact point immediately 
after actual thrust cutoff. A better approach is to use 
a system with sufficiently low random and bias errors 
to permit use of smoothing intervals of about one 
second. 


Guidance system can’t be used 


To provide high accuracy tracking information, one 
of the first data input systems we considered was the 
guidance tracker itself. Unfortunately, this didn’t solve 
the problem, because of one or more of the following 
limitations: 

e During the R&D phases, guidance equipment is 
not normally available. 

e Missiles using all-inertial guidance systems would 
not provide tracking data. 

e Under the weapon system concept, the accuracy 


requirements imposed on a guidance system may be. 


less severe than those required for AFMTC impact 
prediction. 

e If the R&D guidance system should fail in flight 
but it can be shown by good tracking instrumentation 
that the missile still remains on a safe course, then the 
flight could continue, providing as much telemetered 
inflight and re-entry data as possible. 

Currently Convair’s Azusa precision tracking system 
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provides direction and range data at AFMTC that has 
about the same accuracy as the Tracker C example 
we have cited. Azusa cannot be described in detail for 
security reasons. It is a microwave system using short, 
crossed baselines to provide angular measurements — 
based on phase comparison of a signal received on the 
ground at moderately separated, accurately surveyed 


antennas. Measurement of carrier modulation fre- 
quency shift is usea*for range determination. The sys- 
tem is unambiguous, and, at present, velocity is de- 
rived from the range data through difference equations, 
However, recently installed modifications will provide 
radial velocity to a much higher degree of accuracy by; 
Doppler shift measurement of the carrier. 

Data obtained from Azusa are fed to a high speed 
digital computer. The impact points predicted through- 
out the flight are displayed on a plotting board. At 
first, we thought of building a special device for this 
special computation. The urgency of the task at the ~ 
AFMTC ruled out this approach. Instead, several gen- 
eral-purpose computers were investigated, and the IBM 
704 was selected because it came closest to our re- 
quirements. 


Computer stores refraction data 


A true ballistic missile falls in a very predictable 
trajectory. For accurate impact prediction, one must 
know, among other calculable parameters, the position 
and velocity of the missile at the end of the powered 


portion of the trajectory. The computer must convert 


the Azusa tracking system’s geodetic rectangular co- 
ordinates into geocentric coordinates. Velocity is com- 
puted in geocentric coordinates from the position data. 

The computer also stores atmospheric refraction cor- 
rections; this data is appropriately programed in rela- 
tion to elevation and slant range. A reasonableness 
check has also been included to validate the tracking 
information. This is a cross-check technique that com- 
pares previously derived points with the new point. If 
the new point appears to be erroneous—for example, 
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Impact Dispersion (miles) 


_ Table I: Impact Dispersion vs Random Data EEO $v  ;—F CC ] —~] &&| ]IIJ OO 


Tracker Data Dispersion , 
150 Miles Impact Range 1500 Miles Impact Range 5000 Miles Impact Range 
Mc Mp Mc Mp Mc Mp 
A 0.25 mil 25 feet 9.19 1.34 9512 10.33 TAA 106.1 
B . 0.025 mil 2.5 feet 0.29 . 0.13 O52 A038 TA 10.6 
iG 0,005 mil 0.5 feet 0.044 0.026 0.50 | 0.91 1.42 | 2.1 
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Table Il: Impact Dispersion vs Smoothing Time 
(5000 miles impact range) 


Table I11: Impact Dispersion ys Data Bias 
(5000 miles impact range) 


Impact Dispersion (miles) Impact Dispersion (miles 
Tracker B Data . Tracker Bias - oe c ae Y 
Smoothing Time Mc. Mp Mc Mp 
1 sec Hise! 106.1 A +0.95 mil 0.82 0.16 
+95 feet 
3 sec 14.9 93.9 
B +0.025 mil 0.082 0.016 
10 sec 6.3 9.6 +95 feet 
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if the velocity has been radically altered—then the 


point is rejected and not used in the computation. This 


feature is particularly important for long range ballistic 
missiles. 

The computer output is the latitude and longitude of 
the predicted impact point. Ten computations of impact 
point are performed per second, Computing time is 
approximately 76 milliséconds. 

Display is on an Electronics Associates 205J plotting 
board with a 30x30-in. chart. A scale of 1:48,000 is 
used for the early portion of flight and one of 1:500,000 
for the latter portion for missiles impacting not more 
than 200 nm from the launch pad. Longer range trajec- 
tories may be handled either by use of layback methods 
(i.¢., retracing across the charts) or with more plotting 
boards. However, even with four plotting boards, re- 
scaling becomes necessary for longer ranges, and plot- 


ting scales of 1:750,000, 1:2,000,000, 1:2,500,000, and 


ting boards were used 


1:4,000,000 have been used. 


More boards for greater precision | 


The use of more boards with precision offsets and 
expanded plotting is preferred’ when high accuracy is 
required. The advantages of scale expansion are limited 
by the high rate of change of impact range near burn- 
out for a long range missile. For example, if four plot- 
with 1:2.000.000 scaling, each 
covering 1000 nm of the predicted impact point path, 
one could get a plotting board error of about one 
nautical mile for the entire flight. 

In multiple plotting board installations, provision is 


made in the computer programing and memory for the 
offsets, scaling and switching of the predicted impact 
data. When the scales of the plotting boards are dif- 
ferent, a section has to be provided in the computer 
routine that automatically changes the scaling of the 
output numbers, for instance at a chosen value of 
longitude. 

Special subroutines insure positive shifting of scales 
in the presence of noise. Originally, plotting boards for 
interim IP use were manually shifted at preselected 
longitudes, corresponding to the points at which com- 
puter routine scale changes occurred. However, pro- 
visions were made for future automatic selection of 
plotting arms and boards under the control of the 
computer. 


Mark II system in production 


The IP system we have described is interim equip- 
ment. All the hardware was put together in less than six 
months. It was adapted from the Azusa tracking Sys- 
tem, previously installed for trajectory measurements. 
The ultimate goal is automatic impact prediction and 
range safety action—when the prediction indicates un- 
safe conditions, the computer would trigger the missile 
destruct system or fuel cutoff device. 

A Mark II Azusa system is in production at Astro- 
nautics. It will provide trajectory data with substan- 
tially lower RMS noise and no bias errors. Extended 
baselines and the adaptation of correlation detection 
techniques will further improve the data and extend 
the maximum tracking range.—End 
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Pages from an Engineer’s Notebook 


SF, waveguide dielectric 


poh 
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breakdown curves 


Microwave TUBES have advanced to the point 
where they can generate more power than transmis- 
sion lines can handle. One way of getting around this 
dificiency is to use pressurized dry air inside the wave- 
guide. The power handling capabilities of the line in- 
_ crease roughly with the square of the pressure. Substan- 
tial power increases thus call for substantial pressure 
increases and lead to many mechanical problems. 

A better method appears to be the use of a gaseous 
dielectric that would stand the electric stress applied at 
atmospheric pressure. Several such gases are known 
and have been applied in high voltage generators and 
transformers. Sulphur hexafluoride (SF,) is the most 
widely used. It has excellent characteristics for a 
transmission line dielectric: high dielectric strength, 


RG-49U WAVEGUIDE (plane-to-plane configuration, left) 
—frequency, 2773 mc; cavity loaded Q, 159.5; PRF, 
225 pps; pulse length, two microseconds. Single-Ridge- 
to-Plane S-Band Configuration (right)—frequency, 2812 
mc; cavity loaded Q, 165; PRF, 225 pps; pulse length, 


PEAK POWER (MEGAWATTS 


SFg-TO-AIR POWER BREAKDOWN RATIO 


ABSOLUTE PRESSURE (ATM) 


stable properties, extremely low reactive characteristics. 
chemical inertness, ability to extinguish arcs in a frac- 
tion of the time required by air. Under normal (non- 
arcing) operating conditions, it is also highly inert from 
a biological point of view. Finally it has a wider range 
of operating temperatures than other gases of similar 
dielectric strength, and it doesn’t leave carbon tracks on 
insulating surfaces after breakdown. 

With a view to potential usefulness in high power 
radar applications, USAF’s Rome (N. Y.) Air De- 
velopment Center (RADC) gave Airborne Instruments 
Laboratory, Mineola, N. Y., a contract to study the 
use of SF, as a mierowave dielectric. AIL completed 


_ the contract in January 1958. Here are some of its 


findings: 


two microseconds; cross-section drawing not to scale. 


Diffusion and ion-pair recombination have decisive effect 
on breakdown phenomena. Both depend on electrode 
configuration and spacing. Pressure and ionic nature of 
gas under test also affect results. 
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e Toxicological Aspects—If electric arcs are gen- 
erated in an SF, atmosphere, several poisonous and 
corrosive products are formed. These are potentially 
dangerous, but their effects may be minimized by cer- 
tain precautions. 

e Waveguide Breakdown at S- and L-Bands — 
Gaseous ion concentrates in the dc case vary in a non- 
linear fashion in the vicinity of an electrode and depend 
on electrode geometry, spacing, and polarity. At micro- 
wave frequencies, diffusion and ion-pair recombination 
become deciding factors in breakdown phenomena. 
Both depend on electrode configuration and spacing. 
In addition, pressure and the ionic nature of the gas 
under test also affect the results. Hence it is impor- 
tant that microwave breakdown ratios be measured in 
geometries similar to those actually met in functional 
equipment. 

The greatest microwave powers available at RADC 
were not enough to break down the SF, in most test 
configurations. Most of the tests were made with the 
particular test configuration placed at the point of maxi- 


' mum field intensity inside a two-port resonant cavity 
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with a loaded Q of about 150. 

Breakdown measurements were made for pressures 
from 0.5 to 1.5 atm at S-band and one to 1.5 atm at 
L-band. Each breakdown point was measured at least 
ive times, and the breakdown products were flushed out 
between readings. Minimum measured breakdown ratio 
(see Table) is the ratio of peak power required to 


~ break down the SF, to the peak power required to 


break down dry air at the same pressure.—End 


HEMISPHERE-to-Plane S-Band Configuration (left)—fre- 
quency, 2757 mc; cavity loaded QO, 131; PRF, 225 pps; 


pulse length, two microseconds; cross-section drawing 


not to scale. Center: Rounded-Point-to-Plane S-Band Con- 
figuration—frequency, 2752 mc; PRF, 225 pps; pulse 
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Minimum Power Breakdown Ratios for 
Various Waveguide Configurations 


Minimum 
Power Power 
Breakdown | Breakdown 
Ratio Ratio 
Band & (0.5- for 
Waveguide Size Configuration 1.5 atm) 1 atm 
S-band: 
9800=45 mc sane to-plane 15.5 1525 
RG-48/U wave- |. (full-size wave- 
guide (1.34 by | guide) 
9.84 in. ID) 
single-ridge-to- 8.0 10.0 
plane 
hemisphere-to- 11.0 14.0 
plane : 
rounded-point- Copii 9.9* 
to-plane 
L-band: 
1317 mc RG-69/) single-ridge-to- 13.6 13.6 


U waveguide plane 


oa by 6.5 in. 


*Data scatter was excessive. It should be reduced if further 
measurements are made. However, this power ratio is certainly 
less than 5. The radius of the point was 0.050 in. 
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length, two microseconds; cross-section drawing not to 
scale. Right: Single-Ridge-to-Plane L-Band Configuration 
—frequency, 1316.5 mc; cavity loaded Q, 222; PRF, 360 
pps; pulse length, six microseconds; cross-section draw-- 
ing not to scale. 
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SFg-TO-AIR POWER BREAKDOWN RATIO 
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size 8 synchro data 


Synchro data for the asking! Daystrom Transicoil has prepared comprehensive date 
sheets on its popular Size 8 Synchro Line, All the synchro information you need 

is clearly presented . . . with photos, detailed drawings, electrical characteristics, 
mechanical specifications, and electrical diagrams. 

Data Sheets cover transmitters, control transformers, differentials, repeaters, 
resolvers, and inductive potentiometers. All units are corrosion resistant 
construction throughout, Accuracies to +5’ are available on special order, 

Write for your free set of Size 8 Data Sheets. Technical information 

on our Size 11 line is also available. Daystrom Transicoil, Division of Daystrom, Inc., 
Worcester, Montgomery County, Pa. Phone JUNO 4-2421. In Canada: Daystrom Ltd., 
840 Caledonia Rd., Toronto 19, Ont. Foreign: Daystrom International Diy., 100 
Empire St., Newark 12, N. J. 


- Representatives in Canada and Other Foreign Countrie 


Write in No. 419 on Reader Service Card at start of Product Preview Section f 
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-plug into ‘combined plenum-chassis. 


‘tions are in standard modules mounted on 


/ terconnections between modules (a UDC 


MAJOR COMPONENTS of ARC-62 are receiver-transmitter, control box, 
and remote indicator. R-T unit is made up of several modules that 
Remotely controlled, it may be 
mounted at any convenient point in the plane. Control box: Operating 
modes are Manual, Preset, and Guard. Manual control knobs select any 
one of 3500 frequencies. In Preset, any one of 20 preset channel 
frequencies may be selected. Function switch shows if set is off, operates 
main R-T only, or transmitter and both receivers, or switches set to 
ADF. Remote indicator (right) displays frequency (in mc) on Manual, 
channel number on Preset, and ‘“‘GUARD” in that mode. 


TTT TTT TT ME LCL CE LT MTT TTT TTT 


R-T UNIT (top view, cover off)—Circuit func- 


base plenum. With no mechanical in- 
goal) substitution is easy in line servicing 
and patch-cable maintenance at depots. 
Plenum carries forced cooling air from 
plane’s system. Installing unit in rack en- 
gages main electric and cooling connectors. 
DENSE PACKAGING shows in transistor- > 
ized second IF amplifier subchassis. Two of 
these are in R-T unit—one in Main and 
another in Guard receiver. Mounting tech- 
nique allows tighter acne of components 
_ than printed board and insures stability 
through better grounding and shielding. 
ais has 100-db gain. 


*% 


+ 


by Bernard Kovit 
Associate Electronics Editor 


-ARC-62 forecasts 


Mach 3+ aero electronics 


Now REACHING prototype stage, 


the AN/ARC-62 UHF communications 
set has a double significance: (1) with 


it, a UHF command set for the aircraft 
of the ’60s is at hand, 
‘promises adoption of the USAF-industry 
concept of 


and (2) it 


“uniform design criteria” 
(UDC) calling for standardized modules 


that can be readily regrouped for vary- 
ing form factors with minimum time 
and cost. 
Products, Camden, N. J., designed the 
set to WADC Comm & Nav Labs’ Ex- 
hibits WCLN 58-12 and 58-18, covering 


RCA’s Defense Electronic 


modules and UDC, respectively. The 
-ARC-62 boasts 3500-channel capacity, 
twice that of present UHF comm sets. 
_ Power output is upped to 30 W, which, 
coupled with a reported 2.5-uv sensi- 


‘tivity, improves the S/N ratio by 9 db 
for normal set-to-set communications. 


Frequency range is 225-399.95 mc, with 
50-ke channel spacing. Set has already 
been programmed into such varied 


weapon systems as the F-108 and the 
B-70 with virtually no redesign. 


more on next page 
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TRANSLATOR—Table (left) shows ARC-62’s communications uses. Right and. below: Com- 
basic modules fit several discrete airborne . parison with present ARC-34 comm set. 


ARC-62 UNIT DIMENSIONS 


Se TTL LL LULL LLL CULL LCCC LLCO CC 


Size (in.) Volume} Weight (Ib) 


ea | (eu Ft) }-—_ —-_. 
Unit H Ww L ARC-| ARC- 
62 34 
R-T Unit 6.5 5 16.5 | 0.47 34 50.5 
Control Box 3.75." 5.75%. 3.75) 10.047 2.9 9.7 
Mount bck 6 
Remote Indicator | 3.125 dia* 6.5 |(0.037)| (2.92) ] not 
(optional) pro- 
vided 


Total (not including remote indicator) 0.554 | 36.9 | 56.8 


MUM 


_* Standard control panel size. 
** Required only in special cases. 
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DESIGN & PERFORMANCE SPECS 


Sant il PERO 
BOTH 


VOLURY 


ei change time: 4 sec hokee 

o. of Preset. channels: 20 
‘peak-to-average type, simplifi ed setting 

‘ion: R-F module only” (built in) 


CONTROL BOX DESIGN—Channel-preset drum has five- 
digit capacity—one digit more than ARC-34. Frequency 
adjustment is made to scale positions on edge of access 
slot in dust cover. 


FIRST IF module with cable connectors to ease testing. 


wer ‘eetput 25 Ww Gal pons 50-ohm Aedes ; 
Xmtr frequency accuracy: within +5 ke ne nominal _ 
: channel Heaueney 
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100 POSITIONS 
0.1-MC STEPS 


tL ne monue Ist IF MODULE 


| [Ire amp Ie ee [ast iF ANE 
[2 staces) | mixer] | | +] stacks 
} | 7 
BoAy 
XMITR PREAMP 
(3 STAGES). 


1800 POSITIONS, 0.1-MC STEPS 


POWER AMP|_ | DRIVER 
| (1. STAGE) p (1. STAGE) 


2nd XMTR 
MIXER 
Ist INJECTION MODULE 


‘Fra oscutaror,|__[ ouster 
15 CRYSTALS "|| TRIPLER [~~] DOUBLER ANP 
| 18 POSITIONS, 10.MC STEPS 


\ 
____RECEIVER-TRANSMITTER—Overall block diagram (above) 
shows ARC-62's operational design. Note especially the 
4 dualed crystals (first IF) and filters (second IF), added 
: to double the set’s channel capacity, and the use of 
_ separate electromechanical positioning elements in_in- 
_ dividual modules rather than a centralized mass of gears 
and drives. Functional breakdown of receiver-trans: 
mitter modules: 
e@ RF module contains main receiver RF tuning and 
24 mixing circuits, transmitter preamp, power amp, and 
F modulator circuits. It also holds two transmitter power 
:. supplies (300 and 600 V)—the only HV needed in the 
5 aa ce en Ries aen si a Bean ‘ ‘ 


may 
5-10 in 


FILTER 3.05 MC 
FILTER 3.10 MC 


al 
pula 


“D” OSCILLATOR, 
2 CRYSTALS 


i" a i an LLL LU RL CCC CMe 


2nd IF & AUDIO 


nd IF AMP|_[saueLcH | [auDIO | | aupio 
(5 STAGES) [~[ STAGES)™| (2 STAGESITT output 
Ist XMTR 
MIXER 


2nd INJECTION} MODULE 


“B” OSCILLATOR, “0” OSCILLATOR, 
MIXER FT 10 CRYSTALS 


10 CRYSTALS 

1-MC STEPS 0.1-MC STEPS 
set. By pressurizing this module, which has its own 
channel-tuning elements and an axial-flow blower, RCA 
was able to avoid pressurization of the entire set. 

@ First injection module provides a signal, adjusted 
in 10-me steps, for synthesizing the receiver’s first in- 
jection signal and the transmitter antenna carrier. 

e First IF module (bottom left, opposite page) pro- 
duces variable IF that tunes to 100 separate frequencies, 
ranging from 30 to 39.9 mc, with 100-kc spacing. Second 
injection amp portion is geared to variable IF and covers 
33.05-42.95 me. 

e Second IF and audio module provides main receiver 
2nd IF selectivity, amplification, AGC, squelch, and ADF 
signal output plus sidetone, volume control, and audio 
output for both receivers. 

e@ Second injection module provides frequencies 
ranging from 33.05 to 42.95 me .in 0.1-mc steps.’ 
Crystal-controlled oscillators produce a difference beat 
in first IF’s second mixer. 

e® Guard receiver module (below is a separate, fixed- 
tuned receiver that gives the same performance as the 
main receiver, with which it shares only the audio 
amplifier. Hycon crystal filter, used for both injection 
voltages, gives stability over a wide range of ambient 
temperatures. Module’s volume is 40.5 cu. in. 


2nd INJECTION 
AMP (1 STAGE) 


.Hold it Constant 
with RCA , @ 
Thermoelectric Junctions! 


RCA offers new solid-state device capable of maintaining constant control of “zone” temperature below or above ambient. 


Holding a “zone” at a constant temperature...despite wide variations in: EAST 
ambient...often demands heating or cooling systems that are complex. 744 aire Raped ote N. J. 


Usually a compromise is employed, resulting in controlling temperature at 


a point above ambient. To hold temperature below ambient requires hae NORTHEAST 
refrigerants, ice packs, or forced liquid cooling. These techniques have | SADA Strect, each es aaa 
inherent limitations. . caer CENTRE 

Now, RCA announces developmental Thermoelectric Elements...unique and 714 New Center Bldg., Detroit 2, Mich. 
extremely compact devices capable of producing “boiling heat’ or : UGHUEE jee ci2n 
“freezing cold” in small “‘zones”. Circuitry is simple. You have infinite CENTRAL 

control from maximum cooling to maximum heating through variations of acise ie WHE 13900 
the de power supplied to one device. With no moving parts, vibration fie ‘eer 

is eliminated—long life assured. sade ECW eine ee 
RCA Thermoelectric Junctions are excellent for service in laboratory Los Angeles, Calif RAymondid-8368 
“ovens” or “cold chambers”. The new elements make practicable, for the GOVERNMENT 

first time, the manufacture of simple and completely transportable 224 N. Wilkinson St., Dayton, Ohio 
temperature-contro] apparatus capable of holding temperatures constant eaewors peek bingo tale 
below ambient. rest, N.W., Washingisiaiigs 


For information on developmental samples, please contact the RCA sales office 
nearest you, or, write direct to RCA Commercial Eng., Section E-59-NN, Somerville, N. J. 


RADIO CORPORATION OF AMERICA 
Semiconductor & Materials Division 
Somerville, N. J. 
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a “seis sf 
ae Soe 


Weight 


CIRCUIT consists of two cascaded high-gain transistors 
feeding a push-pull power output stage. Emitters of the. 
power transistors are returned to ground via a thermistor 
(TH) for temperature stability. The OO88E2C is driven 
directly from the amplifier. (Another, slightly longer 


CTU eS 


Ketay Subminiature Servo 
Amp Characteristics 


Voltage Gain 200-1000 nominal 
Input Impedance 500 ohms min 
Max Input Voltage —5 V 
Frequency 380-420 cps 


98 V dc 95 ma max 


{ 


Power Source 


Output 
Type direct push-pull 
Volts 40 V RMS 
Power 2 W continuous 


Load Impedance 812 ohms 


Typical Loed size 08 servo motor 
1 oz 
Operating Ambient 
—55 to +100 deg C (no heat 
sink required) 


Connector 9-pin miniature (solder turret) 


Package ee 
hermetically sealed with mount- 
ing studs 

Volume ~ 0.8 cu in. 
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OPTIONAL FEEDBACK 


NETWORK 


to-one. 
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FIXED. PHASE 
26 V 400 CPS 


C) 


| 
| 
| 
| 
| 
on 
0ge2¢ | 
SERVO MOTOR | 


version of the amplifier includes an output transformer 
to supply two watts at 26 V). In the external circuit, C; 
is adjusted for maximum torque at stall; Rl and R2 
adjust the gain of the amplifier over a range of two- 


TT 


One-ounce servo amp 
puts out two watts 


One of the latest miniaturized 
servos is a one-ounce, 0.8-cu in. 
amplifier that can deliver two watts 
continuously into a 40-V, center- 
tapped servo motor. The amplifier 
will operate efficiently in ambients 
from —S55 to +100 deg C without 
a heat sink. Developed by Ketay 
Dept., Norden Div., United Air- 
craft Corp., Commack, N. Y., the 
new amplifier replaces units that 
are several times larger.and require 
heat sinks. 

To pack so much power into so 
small a space called for “unique 


construction and packaging tech- 
nique providing an 86 per cent 
space factor,” according to Gus 
Saunders, amplifier project engi- 
neer at Ketay. Components are 
sandwiched in between two 1/16- 
in.-thick printed circuit boards. The 
two boards with their components 
(standard resistors, capacitors, and 
four silicon transistors) are wired 
to the header and placed in the am- 
plifier case, sealed, and vacuum- 
impregnated. Provision is made to 
adjust the gain from 200 to 1000 


more on nexf page 
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priceless 


When your priceless test 
data are recorded on film, 
you will find no more reli- 
able source of film process- 
ing than CFI. At CFI all of 
your film requirements... 
for sales, training, and 
visual aids, 16 or 35mm, 
will receive the most care- 
ful attention. 


CFI UNDERSTANDS your film 
problems. CFI has processed 
the invaluable film records 
of many vital projects. CFI 
recognizes the need for 
uncompromising quality and 
fast action. 


CFI FACILITIES are com- 
plete...and modern. CFI 
has developed many new 
processes and is the leader 
in its field. CFl has com- 
plete security clearance, 
assuring safe handling of 
highly classified material. 


CFI EXPERIENCE includes 40 
years as the nation’s larg- 
est and most progressive 
organization, with complete 
lab facilities in both Holly- 
wood and New York. 


FOR COMPLETE INFORMA- 
TION on capabilities and 
service available, write or 
call for a sales representa- 
tive. 


CONSOLIDATED FILM INDUSTRIES 
959 Seward St., Hollywood 38, Calif. « HO 9-1441 
521 West 57th St., New York 19, N.Y. * Cl 6-0210 


Write in No. 420 on Reader Service Card 


SERVO AMP... 


with an external resistor (see 
Schematic). 

The applications of the amplifier 
are in aircraft and missile servo 
sysiems. Wrice in NO. 55 of Reaue: 


Service Card for more data.—JH 


SUBMINIATURE servoamp has com- 


ponents sandwiched between two 
printed circuit boards. 


MAXIM 
PORTABLE 
JET 
SILENCERS 


Model JEC-10 (shown) is 
designed specifically for 
the Douglas DC-8 and 
Boeing 707. This rugged 
unit affords a high degree 
of silencing — without 
using tie downs. 


MAXIM 
STATIONARY 
TEST 

UNITS 


Built to match your 
acoustical requirements. 
Units are engineered 

for future internal and 
external expandability — 
to protect you 
against obsolescence. 


SEND FOR FOLDER, “JET ENGINE SILENCING” 


Emhart Manufacturing Company 
Maxim Division / Dept. 74 
a> Box 216, Hartford 1, Connecticut 


Write in No. 421 on Reader Service Card at start of Product Preview Section 
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ALL 
ICBM’sS 
USE Be fg 


Moog servoactuators are compact, lightweight 
- package units that typically include an actuating 
linder, servovalve, and feedback sensing 
device. These integrated units offer the advan- 
tages of a comprehensive custom design includ- 
ing reduced complexity and retaining high 
performance. Additional special features can 
be incorporated to meet particular applications. 


...in their. 


rocket gimballing 


systems In addition to ICBM and other missile, rocket, 
, and aircraft applications, Moog servoactuators 
can function wherever rapid, accurate, high 
For complete details on Moog servoactuators force positioning is essential in an electro- 
¥ write for Catalog 170. hydraulic system. 
CO ae VALVE CO. INC. PRONER AIRPORT, EAST AURORA, NEW YORK 


Write in No. 422 on Reader Service Card at start of Product Preview Section 
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New Fafnir AW-AK Bearings 
These new airframe control bearings 
are designed for low torque 
operation at temperatures in the 
500° F range. The bearings are 


New Fafnir M-Series Bearings 
Bearings in Fafnir’s new M-Series— 
the first special precision series 
made for aircraft control systems 
—are held to closer tolerances 


New Fafnir GDSRP Bearings 
This new series offers most capacity 
for weight and size. Dimensionally 

interchangeable with the DSRP. series, 
GDSRP bearings are relubricatable, 


made of heat-stabilized 440C 


», stainless steel, and equipped 
> with Teflon fabric seals. 


Here are three new Fafnir bearings for advanced- 


design aircraft. Engineered to meet new, more 
critical requirements, they are the latest in a long 
succession of Fafnir contributions in the aircraft 


field. Through development of these and other - 


Write in No. 423 on Reader Service Card at start of Product Preview Section 
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to reduce play and backlash and 
increase sensitivity in power 
control systems. 


feature weight-saving balanced .§ 
design, removable Plya-Seals, 
and self-alignment, 


bearings job-built for the jet-age, Fafnir continues 
“first at the turning points” as new designs pose nev 
bearing problems. Write for engineering data. 


FAFNIR AIRCRAFT BEARINGS 


THE FAFNIR BEARING COMPANY, NEW BRITAIN, CONN. 
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DRIVE SHAFT 
ACCESS 


4 

it 

i FIGURE 1: Internal view (left) of B & H Instruments units allow single-knob adjustment of related functions. 
} Ta’Pot H5600 direct tape readout device. Bottom ganged Single-case dimensions are 2x214x23/ in. 
' 

ay 

. 

; 

f 

? 

d 

? lidewire-t 

4 Slidewire-tape pot 


a boasts “infinite” resolution 


{ 
a et 
{ J a 2 


E Twenty years went by without a new patent in potentiometers— tape (Fig. 4). The wire may be 
’ ‘ Peeks . : either straight or helical, dependin 
until the slidewire-tape pot came along. Earlier, test engineers had nabs Hae 6p Sieahsd 00 
to string a resistance wire wall-to-wall to get anything near lab need. Ry os F 
( : ; : An automatic calibration techni- 
_ accuracy. With the instruments formed up around the slidewire que is used to scale the tape for 


the particular application. This in- 


tape, you can now get a calibrated accuracy of 0.1 per cent in volves Scomparing. the. tape en 


digital readout of linear or non-linear pressure and temperature test with a precise 60-ft master 
tape. Digital values, as required by 
measurements. the pot’s application, are automa- 


tically printed along the face of the 
tape. (Up to 100 calibration points 
can be made per foot of slideware.) 


A PRECISION tape potentio- around the tape potentiometer for In calibration, the tape may be 
meter whose slidewire-tape element such applications as jet engine field perforated with sprocket holés, so 
is calibrated and marked for direct analysis. The slidewire has actually that it can be engaged by a posi- 

‘ digital readout has been adapted been used in B & H’s Jetcal test tioning and driving device. Excep- 

i to a variety of R&D and field test sets as a manually operated indica- tionally accurate non-linear calibra- 
. equipment B & H Instrument Co., tor for a number of years. tion for thermocouples, thermis- 
: 3479 W. Vickery Blvd., Ft. Worth The tape potentiometer is basi- tors, and flow transducers is achiev- 
7, Texas, has designed several cally a resistance wire bonded with- ed without slidewire tapping. Con- 
pieces of automatic test equipment in one edge of a laminated Mylar more on nex? page 
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TAPE POT... 


FIGURE 2: Combined digital and dial temperature indicator (Biilos 
Auto-Temp). Internal atmosphere of hermetically sealed unit is nitrogen. 
Unit is three inches in diameter and seven inches long. 


trolled by coded signals built into 
the master tape, the printing or hole 
spacing is varied to conform to the 
desired ratio between digital indi- 
cation and slidewire resistance. 
With this technique, the tape cal- 
ibration is made accurate to about 
0.1 per cent for either linear or 
non-linear functions. This charac- 
teristic has been obtained by B & H 
Instrument in a miniature analog- 
to-digital millivoltmeter indicator, 
for instance. The linearity of this 
instrument is pegged at 0.05 per 
cent, and resolution is infinite. 


Direct digital readings 
in any units 

When the slidewire-tape poten- 
tiometer is used with transducers 


having strain gages as measuring ~ 


elements, you have a system that 
will give direct digital readings of 
weight, pressure, force, etc., in any 
units desired. Its 0.1 per cent ac- 
curacy matches that of the trans- 
ducer itself. When the pot is used 
with transducers whose output is 
resistive (e.g., resistance thermome- 
ters or thermistors) direct digital 
indications of narrow temperature 
spans aré¢ obtained in an operation- 
al unit that outstrips many lab 
equipments. 

Two readout arrangements are 
possible: 

e With the calibrated points 
printed on the tape and viewed 
through a window on the front pan- 
el of the instrument, linear, para- 
bolic, hyperbolic, or logarithmic 


150 


functions—in any scale units—may 
be read. 

e With a digital in-line counter 
geared to the slidewire driveshaft, 
functions with a variation of 15 
per cent in slope can be handled. 


Slide-wire furnished in 
any lengths 


Figure 1 shows an example of the 
first readout arrangement. In this 
instrument, the slidewire is furnish- 
ed in 120-in. lengths. Resistance 
ranges from 100 ohms to 100 K. 
Thanks to the unit’s straight sides 
and interlocking driveshaft ends, 
two or more units can be ganged 
for single-knob setting of related 
functions without gears or cou- 
plings. 

Figure 2 shows an example of 
the dial readout arrangement. In 
this unit, the slidewire is contained 
on two spools and is transported 
between them by a sprocket drive. 
Calibrated as a pyrometer for use 


with any type of: thermocouple, it / 


operates as shown in Figure 3. Used 
for measuring turbine inlet temper- 
ature or exhaust gas temperature, 
this device has an accuracy of 0.085 
per cent in a range of 500 to 1000 
deg C when calibrated for chromel- 
alumel thermocouples. 

For ac bridge applications, the 
device may be calibrated to cor- 
rect for droop or any non-linearity. 
With differential transformers, it 
can be calibrated to present pres- 
sure and flow values with great ac- 

more on page 152 


Here’s. 
how Alcoa 
helps you 
design and 

make 

ite 


You get more than just 16 


“ounces of metal in every 


pound of Alcoa® Alumi- 
num. Here are eight im- 
portant unmatched values 
that go with it: 


Research Leadership, bringing 
you the newest in alloys and 
other applications. 


Product Development by expe- 
rienced specialists in your field 
of interest. 


Process Development Labs for 
aid\ in finishing, joining and 
fabricating. 

Service Inspectors to help solve 
production problems in your 
plant. 


Quality Control to meet de- 
manding standards and to 
match your special needs, 


Availability, channeled through 
the nation’s best-stocked alu- 
minum distributors. 


Factory-Trained Salesmen for 
vital, on-the-spot information. 


Sales Administrators, constant- 
ly on call to service your orders, 


Complete line of commer- 
cial aluminum in all forms, 
alloys, gages, tempers and 
job shop services. 


MILL AND CUSTOM PRODUCTS 
INGOT AND PIG e SHEET e PLATE 
WIRE e ROD e BAR « TUBE 
ELECTRICAL CONDUCTORS 
STRUCTURAL SHAPES 
CHEMICALS AND POWDER 
ROOFING e FOIL » FASTENERS ¢ PIPE 
CASTINGS (Sand, Die, Permanent Mold) 
IMPACTS e EXTRUSIONS e FORGINGS 
MAGNESIUM CASTINGS & FORGINGS 
SCREW MACHINE PARTS 


JOB SHOP 
FORMING e WELDING e FINISHING 
FABRICATION AND ASSEMBLY 
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ALUMINUAA ' 


ALUMINUM COMPANY OF AMERICA 
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That’s a precision-forged Alcoa Aluminum wing root 
i you see in the near edge of Martin Mace’s wing panel. It 
means the surface-to-surface tactical missile can travel 


GBI 


SSE 


wings unattached. It 


means that the wings can be field mounted, ready im- 
mediately for full flight performance. 


BEFORE YOU: THE “SEVENTH MIRACLE” 


Seven interchangeable’ subcompo- 
nents comprise the TM-76 Mace. 
To mass-produce any of them, with 
the economies required for a mass- 

consumed weapon in wartime, 
seemed an impossible miracle not 
very long ago... 
In due course, by ingenious inno- 
vations in design and production 
techniques, Martin engineers accom- 
plished six such “‘miracles.’’ The sev- 
enth—the wing assembly itself— was 
even more demanding. Consider: 


Each wing panel was designed to 
extend 11.45 ft from a central wing 
root. Sweepback and negative dihe- 
dral dictate that this root conform 
to an intricate, twisted, compound 
curve ... with tolerances within a 
? 

"May 1959 : 
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few thousandths at every point in 
both contour shape and over-all 
thickness of the root. 


Conventional production? Prohibi- 
tive. It would require either complex 
and costly machining on complex 
and costly machines (plus extensive 
hand-finishing afterwards), or—even 
more costly—custom-designed ma- 
chines built for this job alone. 


Working closely with Alcoaengineers, 
the Martin people found the an- 
swers. By precision-forging Alcoa® 
Alloy 7075-T6 in two pieces, each 
with a flat back, contour tolerances 
within 0.005 in./in. are attained by 
forging alone. And with such accu- 
racy of contour, accuracy of thick- 
ness of the assembled two-piece root 


Write in No. 424 on Reader Service Card at start of Product Preview Section 


is attained simply by slab-milling the: 
mating surfaces! 


If you understand and occasionally 
encounter such problems, we hope 
you'll invite us to work with you. 
Contact your nearest Alcoa sales 
office, or write: Aluminum Company 
of America, 2027-E Alcoa Building, 
Pittsburgh 19, Pennsylvania. 


For Exciting Drama Watch ‘‘Alcoa Theatre,’’ 
Alternate Mondays, NBC-TV, and “Alcoa 
Presents,’' Every Tuesday, ABC-TV 


Your 
Guide 

to the 
Best in 
Aluminum 
Value 


ALUMINUM COMPANY OF AMERICA 


ALR CIEN e e S r 
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THERMOCOUPLE 
INPUT 


INPUT 
FILTER 


More and more engi- 
neers, draftsmen and ar- 
chitects are getting a 
better feel of the future 
at the drawing board 
with MICROTOMIC 
Drawing Pencils, the 
choice of professionals! 


New, improved 
MICROTOMIC Lead 
Holder — 


ZENER 
REFERENCE 
REGULATOR 


DC 
SUPPLY 


No. 607 — Positive-grip 
clutch...quick push but- 
ton release. Scientifically 
balanced. Color-band 
tells lead degree. 


AC POWER INPUT 


FIGURE 3: Temperature-measuring configuration. Instrument will follow 
temperature changes at 350 deg/sec, says B & H. Temperature range 
is —55 to +71 deg C. 


Growing in preference— 
MICROTOMIC Drawing 
Pencil— 


ee ee 


No. 603—with flat, ad- 
justable eraser tip. Bull’s- 
eye identifies each of 18 
degrees. 


usa <> MICROTOMIC E42) EBERHARD FABER ~ \ 


New MICROTOMIC 
Drawing Leads— 


No. 6100. One hand 
flip-top, pocket-size 
plastic box, now with 
built-in sharpener. 
1 doz. leads. In 17 
degrees. 


Playback on performance 


Autonetic’s NADAR increases flight training efficiency by making 
a magnetic-tape recording of everything an airplane’s fire control 
system puts on the radar scope. Minutes after pilot lands, complete 
record of his performance can be viewed on oscilloscope of NADAR 
console. Compact, lightweight, airborne tape-recorder (shown 
above in officer’s hand) is fully automatic, has two-hour recording 
capacity. NADAR is invaluable for pilot and aircrew evaluation and 
flight testing ... and remem- 

ber, military pilots are always 

training. Write for literature. Autonetics @) 


A DIVISION OF NORTH AMERICAN AVIATION, INC., DOWNEY, CALIFORNIA 


Trademarks Reg. U.S. Pat. Off. 


And for superior erasure quali- 
ties on special papers: drafting, 
tracing, vellums, plastic coated, 
it’s RACE KLEEN Plastic 
Eraser — No. 521 —soft, gentle, 
extremely pliable. Contains no 
abrasives. Double beveled. 


110th Anniversary, 1849-1959 


EBERHARD FABER 


WILKES-BARRE, PA. © NEW YORK ¢ TORONTO. CANADA 


Write in No. 425 on Reader Service Card } 
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MAGNIFIED 
VIEW 


LAMINATED 
MYLAR TAPE 


FIGURE 4: Wire is embedded in 


ing process. Tape lengths of 120 


and 144 in. are used, depending 
on the desired range of test meas- 
urements. By varying the distance 
between centers of adjacent holes 
by a few thousandths of an inch, 
you set up a non-linear resistance- 
to-hold-count relation. 


curacy. Operating on 115 V, 60- 
or 400-cps power, the device needs 
only 20 va. 

Basically, the slidewire tape pot 
design gives you a very accurate 
analog-to-digital converter for both 
linear and non-linear inputs. Hence 


_B & H has included binary and 


i 


decimal contact-making counters to 
set up a signal source for punched 


_ and magnetic tapes and computers 


May 1959 


and for programing and control- 
ling purposes. 

Adding a re-transmitting slide- 
wire gives a signal source for re- 
-corders, telemetering, and analog 
computers. With a pulsed or sine 
wave input, the unit can be used 
as a tachometer or frequency 


meter, with a range of zero to 800) 


cps. Write in No. 56 on Reader 
Service Card for more data.—BK 


ANOTHER package version of the 
potentiometric temperature indica- 
tion (AutoTemp), set up to read in 
degrees Centigrade. 


» o Ms 


cae be va x 


-++15v de 
—115v de 


+7.5v de for + full 
acceleration 


+1.5 ma through low 
impedance load sig- 
nal and power refer- 
ence 


+28v de 
— 28v de 


+15v de for + full 
acceleration 


—signal & power ref- 
erence 


“" DONNER 


ACCELEROMETERS 


Donner 4300 series 0.1% transistorized 
force balance accelerometers can be 
connected in a number of ways to 
solve various control and measurement 
problems. Typical operational hookups 
for applications in telemetering, servo 
stabilization, gyro erection, acceleration 
switching, and short range inertial 
guidance are shown. 


ee 


if ~~ Precision Voltage 
7 iS. ~ in 
“O—-— —15y de 


J a 
cx) ey Yoits 


4 


+7.5 volts about 
bias created by pre- 
cision voltage 


~ signal and power ref- 
erence 


: ean 
fg OS" +28 de 
O signal and power ref- 


Va w ‘7 
ORY erence 
OLY ~~ +0.2v to 5v for + 
aX oO, ja Z 


ys 


full acceleration with 
zero acceleration 
giving +2.5v de 


s 


Electronic Engineers, exciting 
opportunity exists at Donner. 
Write today for full details. 


Donner engineering representatives 

are located in principal cities. 

For complete technical information, 

call your nearby representative or 
write directly to Dept. 095 


14 


—15v de 


0 to 7.5 volts for 0 
to plus full scale ac- 
celeration, no neg. 
output 


signal and power ref- 
erence 


+28v de 


0 v de (power refer- 
ence) 


+7.5 volts about a 
-+14v de bias for + 
full acceleration 


signal reference 
(+14v dc) 


Model 4310 high output, 
high resolution accelerom- 
eter. Key, specifications: 
4 non-linearity plus hystere- 
sis, within 0.05% deviation from best fitted 
straight line; standard ranges, between +0.05g 
full range and +30g full range; resolution, 
better than 0.0002% full scale; weight, 3.5 
Ounces; standard output, +74v de and/or 
+1.5 ma full scale; options, biased output, 
fluid-filled units, and/or 28v dc operation; 
prices $450. f.o.b. Concord, California, options 
extra. 


Split case version of the Model 4310 for use 
in limited space applications; electronics on 
right, sensing unit on left. 


DONNER 


SCIENTIFIC COMPANY 


CONCORD, CALIFORNIA 
Phone MUlberry 2-6161 * Cable’“DONNER” 


Write in No. 426 on Reader Service Card at start of Product Preview Section 
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_ HYDROGEN {|—ATOMIC SYSTEM 


Is order and organization in 
MACROCOSM and MICROCOSM an 
underlying principle of the universe... 
or does a fundamental state of 
randomness prevail in the cosmos 


by the multinomial 
formula at left? 


EARTH—LUNAR SYSTEM 


“PROTON C) 


THROUGHOUT HISTORY.....c.: 
BOLD MINDS have sought to understand 


the forces at work in the universe, and as they devel- 
oped working hypotheses, endeavored to turn all 
knowledge to their own purposes, devising philosophi- 
cal and mechanical systems of their own. 

As old hypotheses become inadequate or unten- 
able, thinking men devise new ones. So the concept 


of a “flat” world has changed to an oblate orbiting 
spheroid—mere speck in a vast and expanding uni- 
verse; so “empty” formless space is regarded as a 
curved continuum occupied by random knots of tur- 
bulence (creating the new branch of mechanics — 
hydromagnetics). 

Today new horizons of discovery and surmise arise 
before the speculative mind. 


ENGINEERS AND SCIENTISTS AT REPUBLIC FEEL KINSHIP WITH ALL BOLD MINDS OF PAST AND 
PRESENT, AS THEY FACE THE EXHILARATING CHALLENGES OF CREATING VEHICLES TO FLY IN 
ENVIRONMENTS WHERE NEW APPROACHES IN THERMO/AERODYNAMICS MUST BE MADE...AS WELL 
AS APPROPRIATE PROPULSION AND ELECTRONIC SYSTEMS TO POWER AND GUIDE TRANSIT IN SPACE 


Groups of Research, Development and Experimental Engineers and Scientists at Republic Aviation 
are now working on projects over the whole range of aeronautics and astronautics—from supersonic and 
hypersonic weapons systems, both manned and unmanned, to plasma propulsion and space electronics. 


Imaginative professional men at many levels of experience are invited to inquire 
about opportunities indicated below: 


ELECTRONICS 


Inertial Guidance & Navigation 
Digital Computer Development 
Systems Engineering 
Information Theory 
Telemetry-SSB Technique 
Doppler Radar 
Countermeasures 
Radome & Antenna Design 
Microwave Circuitry & 
Components 
Receiver & Transmitter Design 


THERMO, 


AERODYNAMICS 
Theoretical Gasdynamics 
Hyper-Velocity Studies 


Astronautics Precision 
Trajectories 


Airplane/ Missile Performance 
Air Load and Aeroelasticity 
Stability and Controls 

Flutter & Vibration 

Vehicle Dynamics & System 


PLASMA PROPULSION 


Plasma Physics 

Gaseous Electronics 

Hypersonics and Shock 
Phenomena 

Hydromagnetics 

Physical Chemistry 

Combustion and Detonation 

Instrumentation 

High Power Pulse Electronics 


NUCLEAR PROPULSION 


Airborne Navigational Systems Designs & RADIATION PHENOMENA 
ee uae Sante High Altitude Atmosphere Nuclear Weapons Effects 

Transistorization Physics ane peers: 
Ranging Systems | Re-entry Heat Transfer Nuclear Power & Propulsion 
Propagation Studies Hydromagnetics Applications 


Ground Support Equipment 


%o se oe Po oP Me Pe a%a o%e 0% s%o le ule ute oe eke Me we so Me 
fo oFo oF oe oe oF Woe oe oe obo ve oSe ote O50 ome oe ore one ore ote: 


A new $14,000,000 Research Cen- 
ter—to be completed this year — 
is part of Republic's far-ranging 
R&D programs aimed at major 
state-of-the-art breakthroughs in 
every flight regime & environment. 


Check Employment Inquiry Form on Page 155 


Ground Support Equipment 


Nuclear Radiation Laboratories 


Send resume in complete confidence to: 
Mr. George R. Hickman, ENGINEERING EMPLOYMENT MANAGER — DEPT. 65 


FPZEPEGEBEAES AVIATION 


FARMINGDALE, LONG ISLAND, NEW YORK 


ENGINEERS — SCIENTISTS 


as might be expressed ~ 
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sets 


aa 


¥ aeronautics 
CONFIDENTIAL 


May 1959 
(good until 7/15/59) 


(NOT an application for employment) 


THIS INQUIRY FORM is a service that makes it easier for the interested 
eb reader to explore employment opportunities with organizations featuring 
: recruitments advertising in this issue. 


To use this Form, follow these simple steps: 
a (1) Tear out this page. 
; 


(2) Check off the organization(s) listed below whose employment offers 
are of interest to you. Use typewriter or pencil. 


(3) Turn to the back page of this Form and answer the questions on it. 
(4) Mail this form (in a stamped envelope) to: 


Reader-Service Dept. 
SPACE/AERONAUTICS 
205 East 42nd St. 

New York 17, N.Y. 


We will do the rest and promptly forward a copy of your Inquiry Form 
to each of the organizations you have checked. Depending on their 
specific personnel requirements, they will get in touch with you at your 
home. 


ee 


Iam interested in the employment opportunities at: 


(] AiResearch Mfg. Co. 278 [ Missiles & Space Div.; United 
Bendix Aviation Corp. Aircraft Corp. 249 
Systems Div. 164 " Moreh sera Aviation He 
Ol York Div. 158 utonetics Div. 
Columbus Div. 162 
Bee ACIBIC ; ee : Los Angeles Div. 118, 160, 166, 219 
a) ree oe ay Eu bgt ctdyae Thy, 164 
'f) | Fught Propulsion Div. tee Elma Sremean, Sioways, Ines Guided ae 
(0 Heavy Military Electronics Dept. 160 ORCA : s 158 
Missiles & Space Vehicles Dept. 162 & Raytheon Mfg. Co. 159 
_( Johns Hopkins University; Applied O Republic Aviation Corp. 154 
Physics Lab. 161 O) Solar Aircraft Co. 165 
O Lear, Ine. 163 0 Systems Development Corp. 254, 255 
O Martin Co.; Denver Div. 102 1 United Aircraft Corp.; Missiles & 
(J) McDonnell Aircraft Corp. 108, 109 Space Systems Div. 249 


J 


OTHER (Some organizations’ recruitment advertising in this issue may have arrived too late for 
inclusion in the above list. If you are interested in the employment offers of any of these organiza- 
tions, just note its name and the page number of its advertisement in this space. Please refer only 
OTT Vn 
i i i 
ENCE STE SYLER GEN ESRI URE STE nS 


“NOTE: If you have an immediate interest in any special employment opportunity advertised in this issue and 
would like to give more details about your qualifications than can be noted on this Form, we advise you to send 


your resume directly to the person or department given in the advertisement. We'd appreciate it if you‘d mention 
SPACE/AERONAUTICS in your application. 


155 


space ¥: aeronautics 
“3 CONFIDENTIAL 


May 1959 
(good until 7/15/59) 


Please type or print (with pencil) (NOT an application for employment) 
FIELDS OF INTEREST (in order of importance, note the general fields in which you would like! 
to work—e.g., basic research, dynamics, structures, rocket propulsion, electronic systems, pneu- 
matics, testing, materials, production, ground support, etc.) : 


SPECIALIZED JOB EXPERIENCE (describe the specific technical areas in which you have worked | 
—e.g., flutter, fatigue, fuel systems, circuit miniaturization, servo systems, hydraulic pumps, | 
tool engineering, orbit mechanics, telemetry, data processing, wind tunnel testing, etc.) : 


JOBS AND EDUCATION 


List your last 3 employers: 


; YEARS JOB TITLE 
EMPLOYER CITY & STATE EMPLOYED OR FUNCTION 


List your college and university degrees: 


YEARS 
SCHOOL ATTENDED DEGREE 


Special Training 


PERSONAL DATA 


Name: 


Make sure you have checked the companies you are interested in on the other side of this 
Form. Then put the Form in a stamped envelope and mail it to Space/Aeronautics. 
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Me oo 


What makes a successful engineer ? 
Initiative — experience — imagination — intelligence are all impor- 
tant factors. But there is at least one more—enthusiasm. 

Young engineers at Autonetics are enthustastic. They’re fired up 
about the projects they work on, such as the advanced inertial- 
navigation systems for the Polaris-carrying subs, and the guidance 
and control system for the Minuteman missile. 

Variety sparks their enthusiasm. Autonetics’ young men also 
designed Recomp Il, a general purpose, all-transistor, digital com- 
puter; NUMILL, a completely automatic, machine tool control system; 
Bace, high-speed automatic checkout equipment; and many other 


‘qndustrial and military produets. 


Today at Autonetics there is room for engineers and scientists who 


seek unusual creative problems in electronics and electromechanics. 
Please send your resume to Mr. D.E. Benning, 9150 East Imperial 


Highway, Downey, California. 


e 
Auton eti cs A A DIVISION OF NORTH AMERICAN AVIATION, INC., DOWN 


/ FLIGHT CONTROL / COMPUTERS AND DATA PROCESSING 


EY, CALIF. 


INERTIAL NAVIGATION / ARMAMENT CONTROL 


Among the achievements of A i 
/ utonetics’ young men: The fi 
sale: ach \ c : The first succe i 
Hinahednioats ae system vee first navigation system accurate ee ete ee 
bei Mabe ae o their historic voyages beneath the Arctic ice. me Si : 4 
cking by an inertial navigation system during daylight flight ne A 
... firs 


inertially stabilized gyro platform 
proved operable in a i 
pete : | ny kind of maneu aint 
et piesa automatic landing system for supersonic missiles and pues a ee 
sistorized portable digital computer with ‘‘big computer”’ See rN cna Sisk 


Check Employment Inquiry Form on Page 155 
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~ EMPLOYMENT OPPORTUNITIES 


The kind of work 
you want in 

MISSILE | 
ELECTRONICS 


The kind of life 
you want for | 
your family 


cet BOTH at 
BENDIX YORK 


ELECTRONIC 
ENGINEERS | 

q PHYSICISTS 
a MECHANICAL ENGINEERS 


THIS ENGINEER SUFFERED e Challenging opportunities in 


Circuir DESIGN, PULSE & VIDEO 
Circuitry, MICROWAVE, 
FROM FOUR-WALL MONOTONY :  SDiGrean & Awa Comeen ae 
SEMI-coNDUCTORS, COMPONENT 
AND CIRCUIT RELIABILITY. 
Even before the day’s work began he was trapped—by ; 
e ri a fs Interesting work on 
routine assignments, routine schedules, routine methods, Fuzine Technieves Baicouean 
and worst of all, by four walls of his never-changing office. Srmuators, Specs 
Test EQUIPMENT. | 


° s 9 My . - 
What did he do about it ? Made the smartest move possible: © Bendix York offers you tha onaain 


he came to RCA Service Company, where engineers are indi- tanity for rapid profeaiontl aaa 
viduals, not adding machines. He found adventure and real and advancement. Enjoy the small- 
“fun’’ work, as an RCA Field Engineer. At last, he could company atmosphere of an expand- 


ing division of one of America’s larg- 
est engineering and manufacturing 
corporations ... And the way of life 


see a job through—apply his theories and ideas right in the 
field. He broadened his almost lost horizon with top RCA 


specialists who are really “hot” in their fields. in and around York, Pennsylvania 
is ideal for the entire family. It com- 
You can do the same. If you’re an electrical or mechanical bines the charm and grace of rural 


living with the many advantages of a 


engineer suffering from four-wall menotony, cure that syn- : : : 
dynamic and progressive community. 


drome by starting on a real engineering career. First step— 


send your resume today to: Mr. James Bell, Employment Let us hear from you! 
Manager, Dept. Y 19-E, RCA Service Company, Cherry Address replies to: Dept. S 
Hill, Camden 8, New Jersey. PROFESSIONAL EMPLOYMENT 


<OSAL IOS 
LE 
ee enti’ 
AVIATION CORPORATION 


RCA SERVICE COMPANY York Division 


A Division of Radio Corporation of America 


® York, Pennsylvania 
“The way of work for you, 
the way of life for your family!” — 


Check Employment Inquiry Form on Page 155 Check Employment Inquiry Form Page 155 
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ANTENNA FOR ARMY 
HAWK RADAR SYSTEM 
Raytheon is prime contrac- 
tor for both Army Hawk 
_ and Navy Sparrow III. 


MICROWAVE ENGINEERS 


ANTENNA « RF COMPONENTS 


..-FOR RAYTHEON’S LONG-RANGE PROGRAM 


OF ADVANCED MISSILE DEVELOPMENT 


Engineers and physical scientists interested in professional association 
with a future in the challenging areas of microwave development and 
design should consider Raytheon’s advantages. 


Senior and intermediate engineers with BS or advanced degrees and 
appropriate experience are needed for microwave equipment and com- 
ponent development and design of the most advanced types. 


e Antenna (ground, airborne and missile application). 
¢ RF Components (strip-line, broadbanding techniques; high-power 
components, filters, rotary joints, mixers), 


You and your family will enjoy the advantages of living in the Boston 
metropolitan area. Modern benefits. 


Please send complete resume to William F. O’Melia, Raytheon Manufac- 
turing Company, Missile Systems Division, Bedford, Massachusetts. 


MISSILE SYSTEMS 
DIVISION 


a pfiemeee 


Excellence in Electronics 


Check Employment Inquiry Form on Page 155 a fe EN 


fay AOE 159 


EMPLOYMENT OPPORTUNITIES 


GENERAL ELECTRIC'S OBJECTIVE: 


CREATE NEW LONG-RANGE 
RADAR SYSTEMS TO REPLACE 


BRUTE FORCE DETECTION METHODS 


The Missile Detection Systems Section invites engineers: with high 
creative and analytical abilities to join — 


SYSTEMS DEVELOPMENT GROUP, which initi- 
ates and formulates basic systems concepts 
related to extremely long-range radar. Opti- 
mize the relationship between operational re- 
quirements and the most recent developments 
in the electfonic art. 


SYSTEMS EQUIPMENT GROUP, which converts 
generalizations established by Systems men 
into detailed components that comprise engi- 
neering specifications of the systems. Issue 
purchase specifications; conduct liaison. 


At least 4 years’ related experience required in one or more of these 
areas: Radar Systems Engineering; Electronic Countermeasures 
Systems Engineering; D&D of Antennas, R F Components, UHF 
& Microwave Receivers, Data Processing Equipment, or Video Dis- 
play; Computer Applications 


Salaries fully competitive, commensurate with experience. 


Write in confidence to: Mr. Joseph L. Wool, Div. 60-ME 
Missile Detection Systems Section 


HEAVY MILITARY ELECTRONICS DEPT. 


GENERAL @@ ELECTRIC 


Court Street, Syracuse,.New York 


qeeees 


. Cn ee 
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TEST 
EQUIPMENT 
ENGINEERS 


If you’ve been looking for an 
opportunity to explore new 
engineering territory, the 
positions now open in our 
electronics test equipment 
group may be right down 
your alley. 


We need engineers todo | 
research and development 
based on an entirely new elec- 
tronics test equipment philos- 
ophy. Briefly, the job involves 
design of test equipment and 
analysis of electronics designs 
submitted by vendors and 
subcontractors. This is one 
phase of our work on 
advanced weapon systems 


'B-70 and F-108. 


A BSEE, plus experience, can 
qualify you. 


For more information please 
write to: Mr. P. E.'Stevenson, 
Engineering Personnel, 
North American Aviation, 


Inc., Los Angeles 15, Calif. 


THE LOS ANGELES DIVISION OF N 


NORTH 
AMERICAN 


Check Employment Inquiry Form Page 1 ; 
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May 1209 


The Applied Physics Laboratory 


of 


The Johns Hopkins University 


Announces Appointments 


: for 
SENIOR SCIENTIFIC STAFF 


The Assessment Division of The Applied Physics Laboratory has 
undertaken new responsibilities and is expanding its Senior Analytical 
Staff. Senior Scientists in such fields as Mathematics, Physics and Physical 
Chemistry have in the past proven very effective in solving the types of 
problems involved which include analyses of tactical situations, the em- 
ployment of future weapon systems and the application of the most recent 
advances in science and technology. 

Performance of the work requires close association with scientists 
of other laboratories, operations research personnel of all branches of 
the Armed Services, and with senior military and civilian personnel. 

Studies undertaken by this group will provide guide lines for the 
hardware research of future years. Staff members are expected to initiate 
ideas in support of a broad program of National Defense needs and carry 
them through appropriate analyses with assurance that sound results will 
be given consideration by the responsible agencies. 

The Laboratory’s locale, equidistant between Baltimore and Wash- 
ington, D. C., allows staff members to select urban, suburban or rural 
living and either of these two outstanding centers of culture as a focal 
point for fine living. 

These appointments offer exceptional opportunities. For information 
and arrangements for interview, write-in confidence to: 


Dr. Charles F. Meyer 
Assessment Division Supervisor 
The Applied Physics Laboratory 
The Johns Hopkins University 
8617 Georgia Avenue 
Silver Spring, Maryland 


Check Employment Inquiry Form on Page 155 
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THE 


AEROSCIENCES 


me 


Engineers and Scientists 


The Columbus Division of North American Aviation, 
Inc. is increasing the pace of its engineering program. 
This expansion has created positions for engineers and 
scientists throughout the Engineering Department of 


s 
Es 


pa 


this completely integrated division. 3 LABOR ATORY 
Research and Development, Production Design, Pre- : NY 
liminary Design, and Military Operations Analysis are = a 
all fields in which weapon systems development is being ee OF i 
accelerated. ee Ty 
Specialized groups in such diversified fields as aero- S GENERAL ELECTRIC § i) 
dynamics, propulsion, electronics, structures, and human = by ‘ Ri 
factors, are at work on production aircraft contracts ss 
and future space programs. . MISSI LE AND 
If you would like to progress in your engineering spe- . 
cialty and still live in the heart of the nation, you may . : SPACE VEHICLE 
find your answer at NAA-Columbus. . 
Write to: H.Keever DEP ARTMENT 
Engineering Personnel Manager, Box SA-128 . 


North American Aviation, Inc. 
Columbus, Ohio 


se 


is concerned with analyt- 
ical and computer studies 
of interplanetary and lu- 
nar trajectories. Opportu- 
nities exist to do ereative 
work in -the following 
fields: 


THE COLUMBUS DIVISION OF 


NORTH AMERICAN AVIATION, INC, ¢: 


Home of the T2J Jet Trainer and the A3J Vigilante 


Analytical Dynamics 
Applied Mechanics 
Applied Mathematics 
Celestial Dynamics 


= ee 


Sonia nase eR 
Check Employment Inquiry Form on Page 155 
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Overs within a cli- 
mate of scientific curi- 
osity, with the most mod- 
ern , equipment available 
and in association with 
known authorities, pro- 
grams in the above fields 
offer unusual opportuni- 
ties and contribute signifi- 
cantly on a high profes- 
sional level. 


Investigating Employment 
Opportunities? 


‘Advanced degrees requested 


Want more information about employment oppor- 
Laie ay PP Please submit qualifica- 
tions in complete confi- 


tunities offered by companies advertising in this issue? dai it> 


Then be sure to give complete data about your job 
8 P y J Mr. R. L. Eddy 


Department 709-1 
Professional Placement 


interests, experience and education when filling in the 


“Employment Inquiry” form. 


Although not an application for employment, it Missile and Space Vehicle 


Dept. 


*K 
evaluate your capabilities—and in turn gives your re- GENERAL | 36) ELECTRIC 


quest immediate consideration. Ke Banas heh: ¥e 


provides employment managers with information to 


7K 


Check the “Employment Inquiry” form for details. 


7K KR 


PCO IE 
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an invitation : 
to creative | 
engineers... e 


Here’s your invitation to team with Lear, In- 
corporated, a company which through years 

of continuous growth while working with 

the Army, Navy and Air Force has developed 

a host of new systems and more than 400 

current products that are now established in 

the inventory of new weapons systems. ‘ 
Lear work includes the fields of guidance ¥ 
systems for interceptor missiles for the Army 
and Air Force, ASW equipment for the Navy 

and Marines, and aircraft and missile flight Y 
controls for the Army, Navy and Air Force. E 
More Lear-designed attitude indicating sys- 

tems are operational in U.S. military jets than 

any other systems of that type. 


This wide acceptance of Lear products in 
military aviation offers you greater oppor- 
tunities for advancement and challenging 
assigninents. Right now at Lear’s Grand Rap- 
ids Division, located in a metropolitan area 
noted for its residential sections, pleasant 
climate and year-around recreational oppor- 
tunities, we have openings for: 


SENIOR PROJECT ENGINEERS 


With 6 years or more appropriate experience 
in gyro systems engineering, attitude-indi- 
cating instruments, stable platform, flight 
reference systems. 


DESIGN & DEVELOPMENT ENGINEERS 


Precision mechanisms design and develop- 
ment experience applicable to Rate Gyros, 
Rate Integrating Gyros, or free, vertical or 
directional Displacement Gyros. 


ELECTRONIC DESIGN ENGINEERS 


With 3-5 years or more experience in vac- 
uum tube or transistorized circuitry design 
and development, Background in electronic 
systems analysis desirable. 


ELECTRO-MAGNETIC ENGINEERS 


Experience in design and development of 
electro-magnetic components and sensing 
devices such as instrument motors, gyro 
pickoffs, microsyns, synchros, resolvers, 
potentiometers. 


ELECTRO-MECHANICAL ENGINEERS ae 
Experience in design of electro-mechanical see 
mechanisms, servo positioning systems, elec- a 


Expense-p ai d in fer vi ews : tronic circuitry or packaging. 
All inquiries treated confidentially 


For further information write: GEORGE E. BROOKS [jaa esas 
2 Engineering Employment L EAR ry INC. 


110 IONIA AVE., N.W. 
GRAND RAPIDS, MICH. 


2% Check Employment Inquiry Form on Page 155 ‘ 
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EMPLOYMENT OPPORTUNITIES 


FOR A SCIENTIFIC CLIMATE... 


There’s a devotion to creative think- 
ing that you sense the minute you 
walk through the front door of the 
Bendix Systems Division. 

Located in Ann Arbor, Michigan 
—a university town with big city 
advantages— you may enjoy all four 
seasons to the fullest. The year- 
round sports and outdoor recreation 
mean fun for you and your family. 
Within the buildings that house the 
Bendix Systems Division, the climate 
is scientific all year ’round. 

If you are an able engineer or 
scientist seeking to apply your 
imagination and ingenuity to the 
problems involved in developing 


i 
Ii 


Aeronautical wind tunnel 
located at University of Michigan 


new weapons systems, you will enjoy 
the scientific climate at Bendix 
Systems Division. 


If you are interested in doing ad-. 


vanced study, you will find the 
University of Michigan’s fine Engi- 
neering College next door. Bendix 
encourages you to take advantage of 
this opportunity by attending day- 
time classes. 

For information on a career in 
systems research and development, 
as well as a better way of life, you 
are invited to write for our new re- 
cruitment brochure. Bendix Systems 
Division, Dept. J5, Ann Arbor, 
Michigan. 


Bendix Systems Division Condi 


ANN ARBOR, MICHIGAN 


AVIATION CORPORATION 


Check Employment Inquiry Form on Page 155 
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The future begins with ; 
£ 

Rocket Engine: 
= % 

Design A 


/ 


The man who grows fast in this 
field is this kind of man: 


e strong mechanical ability 
e creative imagination 
e sparks new ideas 


e works hard, takes 
responsibility 


e gets the job done despite 
obstacles 


e extremely interested in 
rocket engines 


If you’re this kind, these immedi- 
ate openings may be the opportu- 
nity you’ve been looking for: 


SENIOR DESIGN ENGINEERS to 
design high pressure storage ves-/ 
sels and related pressurizing sys- 
tems. Experience in the design of 
high pressure tanks and similar) 
systems, such as high pressure 
plumbing and duct systems. A de- 
gree in mechanical engineering and 
experience in rocket engine design 
or .aircraft powerplant and air- 
frame design are desirable. : 


.. Please write to F. E. Jamieson, 
Engineering Personnel Dept., 6633 
Canoga Ave., Canoga Park, Calif. 


ROCKETDYNE F2 


A DIVISION OF NORTH AMERICAN AVIATION, INC. 
FIRST WITH POWER FOR OUTER SPACE 


. a Pe en 8 8 LR ee Sek got a se ee i eee ee Ly eg oe Benne oo 


Check Employment Inquiry Form on Page 15: 
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yell 


HIGH-LEVEL ENGINEERS 


to work on exciting new 


ANTI-MISSILE PROJECT 


in sunny San Diego 


Brilliant ground-floor opportunities in the 
fields of: 


FLUID SCIENCES 
DYNAMICS 


FLIGHT MECHANICS 


STRUCTURES 


AIRBORNE RADAR SYSTEMS 


Solar’s new ARPA Project involves 
a completely new system of anti- 
missile defense. It is the latest of 
several highly advanced projects 
of Solar’s Missile and Space 
Group. The right men joining now 
will get in on the ground floor and 
gain key creative positions in their 
fields of interest. It will be to your 
advantage to learn complete 
details immediately. 


SOLAR SPECIFICS 


Solar is a medium-size company 
(2500 people in San Diego) with 
a successful history-since 1927. It 
is big enough to offer the most 
advanced personnel policies, yet 
small enough so you don’t get lost 


SOLAR S77 


AIRCRAFT COMPANY 


This 


in the crowd. Salary and perform- 
ance reviewed semi-annually, Lib- 
eral relocation allowances. Solar is 
making many significant contribu- 
tions to space-age technology, and 
the special professional status of 
engineers is fully appreciated and 
recognized. A new 60,000 sq. ft. 
engineering building, necessitated 
by expanding research and devel- 
opment, will be completed in 1959 
on the edge of San Diego Bay. 


SEND RESUME 


Please send resume of your quali- 
fications at the earliest opportunity 
to Louis Klein, Dept. E-400, Solar 
Aircraft Company, 2200 Pacific 
Highway, San Diego 12, Calif. 


SAN DIEGO 
DES MOINES 


LIVE BETTER, TOO! In addition to 
greater opportunities for personal 
achievement, Solar also offers you the 
chance to live better in sunny San Diego. 
famous resort area has the finest 
year-around climate in the U.S. Cultural, 
educational and recreational facilities are 
excellent, The new Advanced Sciences 
Branch of the University of California 
offers facilities for further study. You and 
your family will enjoy life more at Solar 
in San Diego. 


One of the 20th century’s most significant 


events is the countdown at Cape Canav- 
eral. And participation in the countdown, 
and in the planning and preparation that 
precedes it, and in the test dafa collec- 
tion, reduction and evaluation that follows, 
is the job of the Pan Am engineer. 


Our Guided Missiles Range Division acts 
as prime contractor to the Air Force for 
management, operation and maintenance 
of the 5000-mile Atlantic Missile Range. 
Thus each member of our technical staff 
has a unique opportunity to play an inti- 
mate, vital role in the nation’s major 
missile test and astronautical exploration 
activities. 

Certainly other creative engineers will 
find no greater challenge for professional 
achievement. than on this threshold of the 
space age, in Florida, with Pan Am. If you 
are one such man, with a degree in engi- 
neering, mathematics or physics, we invite 
you to investigate our career openings by 
addressing a brief resume (in strictest 
confidence) to our Director of Technical 


Employment. His name follows. 


MR. J. B. APPLEDORN 

Pan American World Airways, Inc., 
Dept. T-5. 

Patrick Air Force Bose, Fla. 


GUIDED MISSILES RANGE DIVISION 


PATRICK AIR FORCE BASE, FLORIDA 


Check Employment Inquiry Form on Page 155 
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EMPLOYMENT OPPORTUNITIES patie Cease ete Gr Ret Apacs eres a SN ae a oe tL eee sae 


work in the fields of the future at NAA 


ENGINEERS e SCIENTISTS 


Seek and Find | 
Daring New Goals 


and Rewards with IMPORTANT | 
General Electric’s 
Growing 


FLIGHT PROPULSION ||| 
DIVISION® in cincinnati. |} ~ In filling out "'Employ- 


(“formerly Aircraft Gas Turbine 

avision, recently renamed to 
match its expanding product 
goals) 


Our engineers and scientists en- 1 u 

joy the daily challenge of new ment Inquiry Form be 
and stimulating technical prob- 

lems in the largest number of 

advanced propulsion system Bre 


CcCoU N T E R = se Tanciguilaw oie dees falta ot 


as Managers and Specialists in: 


MEASURES sure to print clearly. 


... high Mach powerplants us- 


E NGI N E E RS . ing high energy fuels (Jet 


Engine Dept.) 


Weel ont Ameticn simost ad. eee commercial jet powerplants 
vanced weapon systems. ns Cone Engine Oper- Wh lL I 
At North American Aviation, ® ... exotic propulsion systems en you cneck more 
such top-level projects as the : for rockets and space ve- 
B-70 and F-108 weapon systems hicles using plasma and ion 
have created unique careers power sources (Flight Pro- 
with. tremendous engineering . ae Sabin tech- 
potential. i ; i niques for unusual materials than one compahy, the 
We have immediate openings : and design configurations 
for specialists and systems : (Production Engine Dept.) 
engineers in the field of electro- 
magnetic and infrared counter- = Advancement opportunities 
215 # are multiplied—nearly 50% of rf 
measures. Specialized areas aur ipkotencioncl"icete roan che: form must, be photo- | 
include high power traveling motion every year. Our engineer- 
wave tube analysis, receiver = ing staff has more than doubled 
: PEL, E since 1955, 
techniques, system logic, infra- 
pees ee | @ 100K INTO NEW Posi- 
enna andra 4 BS TIONS NOW OPEN IN 
Experienced engineers are ® OUR 4 DEPARTMENTS IN stated so that each 
needed to establish require- «= CINCINNATI for Graduate 
ments for countermeasures # Engineers and Scientists 


systems and to evaluate new 


components and techniques and pleaser sai ie dae i 

their application to advanced Cycle Analysis company receives 4a 
systems. = Combustion Engineering ; 
Minimum requirements are = Control Mechanical Design 

actual experience in counter- =. Mechanical Design 

measures plus B.S. degree in : Reliability 


High Energy Fuels 
- » - and many others. copy. 
(U.8. Citizenship Required) 


EE or Physics. 


For more information please 
write to: Mr. P. E. Stevenson, 

* ° s: For further information on the 
Engineering Pers onnel, North opportunities that will let you 
American Aviation, Inc., Los 


use your talents better, send 
Angeles 45, California. your resume to Mr. Mark Peters, 


Idg. 100, Dept. 60-ME. 


seat 


suet 


THE LOS ANGELES DIVISION OF 


NORTH rN, 
AMERICAN 
AVIATION, INC. 


Check Employment Inquiry Form Page 155 Check Employment Inquiry Form Page 155 
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HIS IS A SPECIAL REFERENCE to the product information given in the adver- 
tisements in this issue. It is intended solely to help the reader make the best use 
of these ads. Therefore the index does not necessarily cover all the products made by 
‘each advertiser. Also, cross-listings are not intended to exhaustively describe each 
product but merely to make sure that each product can be found with reasonable ease 


by the reader looking for it. 


Similar indexes to services and employment opportunities featured in ads follow 


this index. 


Advertisements for which complete proofs were not available to the Editorial Depart- 


ment by the closing date are not necessarily covered by these indexes. (Proofs can be 


forwarded internally by the Production Department only for advertisements meeting 


the closing dates.) 


For more detailed information on any product or service advertised in this issue or 
featured in its Product and Data Reviews, use the handy Reader-Service Card. 
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Industrial 3 oe 


Products 


Division 


IN 

CUSTOM 
POWER 
EQUIPMENT 


The Industrial Products Division of ITT offers a complete facilit) 
for custom airborne, ground, and ground-support power equip 
ment and systems. Backed by the research, development, manu 
facturing, and technical experience of the worldwide Internationa 
Telephone and Telegraph Corporation, we ean package powel 
equipment with built-in reliability to your exact requirements 
Our complete engineering staff and environmental testing facili. 
ties enable us to supply reliable, high-quality units and systems 
both quickly and at reasonable cost — 


e DC Transformers © Complete Systems @ Magnetic Amplifier: 
e@ T/R units e High-voltage Supplies © Transistor-regulatec 
@ Partial Systems © Inverters Supplies 


20-Amp Silicon T/R used Launcher power supply Static power unit for 
on Chance-Vought F-8-U for Lockheed's F-104 this nation’s most 
and Douglas A4D-2N. Starfighter. advanced jet bomber. 


Typical ITT Power Units. More than 50 different models of IT1 
power equipment are proving themselves in use every day. 


THE LATEST IN STATIC POWER DESIGN 


We have a complete line of fully qualified static power equipment 
from 20 to 200 amps, in silicon or selenium. No moving parts 
Long life — models up to 10,000 hours. 


Let us know your requirements ... write, wire,.or phone. 


Industrial Products Division 
INTERNATIONAL TELEPHONE & TELEGRAPH CORPORATIO!N 


ces 15191 Bledsoe St. * San Fernando.. Calif 
ITT provides power source for Convair’s ‘ 
B-58 Hustler —a completely integrated REGIONAL OFFICES: NEW YORK (Lodi, N.J.), PRescott 3-1550; DALLAS, FLeetwood 1-446 


electrical power system. CHICAGO, LOng Beach 1-3936; LOS ANGELES (San Fernando), EMpire 7-616 
Write in No. 427 on Reader Service Card at start of Product Preview Section m2 
168 SPACE/AERONAUTICS 


‘a 


Steel, Stainless 

Muettaps- ......... 

_ Subsystems 

_ Supports, D 

_ Switches 

Metiermetio. of... 0. ee. 
Moisture-Proof ..... 
Push-Button 


uct 


ELGG 9 RS BE Ts ae aan 
BRAD PACHON NS ho sans yee to 
rot races tale oh rent techs uae oar tt. 
Gelert enn coders oe 
BMEACUTOS 80.5.0: eck te 
T 
Bbachometers: 21,0). oc.<.. 5. 240, 278 
‘ape 
SAS VEES RAE aCe Re a 103 
: SOD Peeters ape Ce hii emia. 
Test Equipment 
0) uisa le ACA pee he ee ar 201 
wayironmentalo. ar) . 250 
sscnerall ets ea non SASeee 278, 292 
Eitcebiostate, nec Tc 201 
‘Thread Compounds, Anti-Seize 220 
aDool Sets... Ree etre 
Torque Units, Servo 
SeraneCetvers! 2b oe aee so, 
Transducers 
neral 
Pressure 
Transistors 
Bete ot id een tn ere 
U 
Underwater Weapons ............... elon 
Vv 
Valves 
ATL SEL AOD a a 201 
alte mC Lanaren boeet sk. ES 7k 
SSN Ae oa a ee 242 
1 SSIS i a i 262 
SHUTTER a a 257 
w Ww 
Preldiiente sieve fio 248 
Piaecls Cutofi . iene os. =) <a itioaayAdy) 
Wire | 
PRIRGEATH ate ev ttc iS 230 
ESCA y ae ON 7 le BES i ac 256 
PENCu mamma tee ee ie, io iscs 239 
Pichon icibnenoM ey (oe ka 239 
Wrenches, Morigen Abe a. 198 
; nA 
“RRS GR EVEG! 05 PSS 4 
Service Index to Advertising 
Totel Accommodations ............. 224 
CceBsing® Ritmo ceh cs er 146 
-roduction 
SG CRISS eee 
BEATER Te Cos ad SRO ar 223 
Data Processing Equipment te RUA 
lettronic mene eee 2 71 
eat Treating ..... eG 3 23 
Bideuiniuigmirar Ga raat 72 
LATED SOs eer 31 
Howerplanisus sist 122 
OWEi Mane Pagtew eee ca 1224 
TU SFNSi oe Se a a 247 
NES Win eee abe Oc 68, 285 
starchy Basic onc. i..1.2--... 2. 
esearch & Development 
Control srctems mules). Ay. ec. 
ata sh rocessiggy weit! 79, 237 
Heat Mreating. fcr oso. A \Gooee 
Metalivtey ets. eho yas 68 
BUpsyctemaamn chet soe, 6 247 
PNeldinp wie sy le Aye) te 68, 187 


Enslaymicnt Opportunity 
Index to Advertising 


87, 102, 109, 113, 157, 158, 159, 160, 
1, Ase, 163, 164, 165, 166, 198, 219, 249. 


’ 


fa, TOEO* 


for Better 
Values 


TRU-LOC 
SWAGED FITTINGS 


e Just as we expected, many air- 
craft designers were interested in 
the recent announcement of our 
new non-magnetic aircraft cable. If 
you did not see it, ‘‘No-maG’’ has 
these characteristics: 


NON-MAGNETIC PROPERTIES... 
‘“‘NO-MAG”’ cable is made from type 
305 stainless steel. It remains non- 
magnetic after severe cold working 
—in contrast to standard stainless 
steel aircraft cable which shows a 
pronounced increase in magnetism 
after swaging, wire drawing or simi- 
lar operations. 

This non-magnetic property of 

“NO-MAG”’ cable eliminates instru- 
ment interference from cable mag- 
netism. 
CORROSION RESISTANCE... 
New “‘No-maG”’ cables have corro- 
sion-resistant qualities similar to, 
but slightly better than, cables 
made of standard stainless steel. 


GOOD THERMAL CHARACTERISTICS... 


-The thermal expansion character- 


istics of new ‘“‘No-MAG’”’ cable are 
much closer than those of standard 
stainless steel or carbon steel cables 


Eliminates Instrument Interference! 


to the characteristics of aluminum 
alloys used in aircraft. This greatly 
simplifies maintaining cable tension 
under various changes in tempera- 
ture. 


HIGH FATIGUE RESISTANCE... 
Preformed construction and careful 
processing give new ‘‘NO-MAG”’ 
cable high fatigue resistance. 


HIGH ABRASION RESISTANCE... 
New “No-mMaG”’ cable shows greater 
abrasion resistance than standard 
stainless steel aircraft cables. 


TENSILE STRENGTH, while lower than 
that of stainless and carbon steel, 
is sufficient to enable replacing 
these, size for size, with ““NO-MAG”’ 
on many applications where the 
characteristics of ‘‘No-Maq’’ are 
required. 


USE WITH SWAGED TERMINALS... 
Swaged terminals can be applied to 
standard AN dimensions. 


COMPLETE RANGE OF SIZES, 
CONSTRUCTIONS... New ““NO-MAG”’ 
is furnished in sizes from 1 /16” to 1” 
in all of the standard aircraft cable 
constructions. 


Get the complete story on this new technical development 
for the aircraft industry. Write today to Detroit office. 


Automofive and Aircraft Division 


AMERICAN CHAIN & CABLE 


601 Stephenson Bldg., Detroit 2 \ 
6800 East Acco Street, Los Angeles 22 - Bridgeport 2, Conn: MARK 


Write in No. 428 on Reader Service Card at start of Product Preview Section- 


CRUCIBLE METALS FOR AIRCRAFT AND SPACECRAFT 


Vacuum Arc Remelting 


iit. 


cee 


d 


¢ 
a. Titanium slabs are heated prior 
to rolling into continuous sheet 
coils. Crucible’s increased capacity 
for producing high purity metals, 
in all sizes and mill forms, is sub- 
stantially reducing costs and de- 
livery times. 


6. Vacuum Melted Alloys ave speci- 
fied for gyroscope balls used in 
navigationaland fire direction sys- 
tems. The metals’ improved prop- 
erties facilitate miniaturization. 


c. Titanium helium storage bottles 
for ICBM Atlas. Titanium, which 
must be vacuum melted, was 
selected because of its high 
strength weight: ratio, cold-re- 
sistant properties and corrosion 
resistance. 


d. Basic Melting Processes. Vacuum 
induction melting produces 
“nurer’ metals than conventional 
air melting because tt. eliminates 
all sources of contamination ex- 
cept the crucible. Vacuum arc re- 
melting eliminates the crucible 
and permits production of ingots 
up to 18,000 lbs. 


VACUUM MELTING CREATE: 


Marked improvements in properties 
produced by High-Purity Meta//urgy 


Behind the development of space-age 
metals with entirely new characteristics 
is vacuum melting — a series of proc- 
esses that produce “purer” metals with 
better properties. 

Why Vacuum Melt? Vacuum melting 
protects molten metal from contact with 
air. It also provides closer control of 
composition, helps eliminate inclusions, 
and minimizes center porosity and seg- 
regation in ingots. 


In the field of vacuum melting, 
Crucible’s position is unique. As the 
leading producer of special purpose 
steels, Crucible’s experience in high- 
quality steelmaking is unsurpassed. 
Through formerly affiliated companies, 
now fully integrated with it, Crucible 
led in the development and commercial 
production of vacuum-melted steels, 
iron, nickel, copper — and titanium. 
Therefore, Crucible’s breadth of ex- 


perience, together with its extel 
facilities, places the company in 
best position to provide the “si 
quality” metals most suitable for 
given application. 

The three vacuum-melting proc 
— One of the Crucible processes is 
— vacuum induction melting. It s 
with very high-purity raw mate 
produces extremely pure ingots. A 
ond is VAR — vacuum arc remeltin 
the consumable electrode process. 
process, starting with air-melted 
trodes, produces large ingots —1 
32” diameter x 18,000 lbs. It pro 


UPER-DUTY METALS 


etal with low-gas content and greatly 
mproved uniformity of properties. The 
third process is VIR — vacuum arc re- 

elting of vacuum induction melted 
electrodes—a double-melting technique. 
t permits manufacture of super-pure 
metals in the full range of ingot sizes. 

Crucible’s experience with all three 
processes, and its facilities for vacuum 
arc remelting its own specially air- or 


Write in No. 429 on Reader 


vacuum-melted electrodes, provides in- 
dustry with a complete range of vacuum- 
melted metals at the lowest possible cost. 
Only at Crucible is there available this 
experience, flexibility and the facilities 
for vacuum-melting titanium, super- 
alloys, heat-resisting alloys, bearing 
steels, tool steels, stainless steels, elec- 
tronic alloys and nuclear reactor ma- 
terials. 


If you’d like to know more about 
Crucible’s work in High-Purity Metal- 
lurgy, read: “Quality Aspects and 
Properties of Vacuum Induction Melted 
and Vacuum Arc Remelted Steels and 
Super Alloys” and “Titanium for Air- 
craft and Spacecraft”. Write: Crucible 
Steel Company of America, Dept. 
AE18, The Oliver Building, Mellon 
Square, Pittsburgh 22, Pa. 


STEEL COMPANY OF AMERICA 


Service Card at start of Product Preview Section 


HYATT HY-ROLL BEARINGS have first call in the 
specifications for today’s most advanced aircraft power plants. 
Across the entire speed range, HYATT bearings always deliver 
precision dependability. Hyatt Bearings Division, General 
Motors Corporation, Harrison, New Jersey. 


GENERAL 
MOTORS 


Another 


contribution to aviation progress 


bod . ; FOR AIRCRAFT INDUSTRY 
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MF1400 


MK4400 © 


MK3400 


Here’s 


FASTENER PO 
KAYNAR: 160,000 PS 


It’s here...a powerful, new Kaylock line...now a whopping 
160,000 psi! Smallest, lightest, strongest all metal self-locking nuts 
ever made. Tailor-made by KAYNAR for 160,000 psi 
NAS high tensile short thread screws and bolts. 


Latest addition to the KAYLOCK line is the H14 « 
lightweight hex...best wrench clearance for narrow flanges . 
mightiest lightweight yet! 


ER 


NEW H14 SAVES MOST IN SPACE « SIZE « WEIGHT 


STRONGER _ Strength to weight ratios increased up to 210%: 
LOWER _ Same low height as NAS 679. 
LIGHTER — 20% to 67% below H10 or NAS679 series hex nuts 
SMALLER _ By 2 to 5 socket sizes than standard AN and N. 
SPACE SAVER— Narrowest flanges. Moves bolt close to lo 
centers for strongest design. 
SELF-LOCKING _ with patented resilient locking principle 


MATERIALS- Available in carbon steel for 550°F. 
These configurations also in AMS630 
A286 corrosion resistant steel. 


KAYNAR MFG. CO., INC.—KAYLOCK DIVISION 
FOR COMPETITIVE REASONS re- World’s largest and oldest manufacturer of lightweight, all metal 


appraise y or i. healers 7 Se ae self-locking nuts. Home office and plant: Write Box 2001, Terminal 
ae today f rik, aynar’sn anh full. Annex, Los Angeles 54, Branch offices, warehouses & representatives 
em, mm line brochure of 160,000 psi in Wichita, Kansas; New York, N.Y.; Atlanta, Georgia. Canadian 


self-locking nuts. — Distributor: Abercorn Aero, Ltd., q co) KAYLOCK 


Montreal, Quebec. 
Trot ast All-metal self-locking nuts © 
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equipment briefs 


PRECISION COMPRESSION SPRINGS 
ESIGNED for instrument con- 


trol engineers, these new 
compression springs offer a major 
advantage over coil springs, says 
Consolidated Controls Corp., Beth- 
el, Conn. The spring rate from 
zero load up remains uniform, 
since the effective length of turn 
does not change with load. 

The spring designs are manu- 
factured in two basic classes iden- 
tified as the “herringbone” and 
“gimbal.” Both classes are ma- 


chined, heat-treated, and precisely 
ground to offer perfectly square 
ends, tight control of free length, 
and exact matching of specified 
spring rate. 

The units are so constructed as 
to eliminate completely the twist, 
or turning, moment between the 
end faces. The “herringbone” de- 
sign occupies less volume than 
the “gimbal” construction. Write 
in No. 54 on Reader-Service Card 
for more information. 


MM OCC 


RADAR TARGET SIMULATOR 


SEMPLER preflight radar check- 
out is claimed for a microwave 
target simulator produced by 
Remanco, Inc., 128 Broadway, 
Santa Monica, Calif. The Remanco 
RTS-100 is a complete radar test 
set made up of two packages: 
MTG-100X microwave target gen- 
erator and RP-175 moving video 
target simulator. Together, they re- 
quire about 21 ft. of standard 19- 
in. rack panel space. 

Operating in the X-band, the 
MTG-100X provides a delayed tar- 
get to a pulse radar at its micro- 


wave frequency. The radar main 


: May Bes es 


" 


bang furnishes both time and fre- 
quency information for the target 
pulse. For the operator’s conven- 
ience, the target pulse is AFC’d to 
the radar frequency, One-knob 
tuning allows rapid, positive control 
of frequency lock. 

Used with the RP-175, the MTG- 
100X becomes a microwave moving 
target with wide dynamic range 
capabilities. Testing at either RF 
or video levels can thus be done in 
one equipment. Realistic tests can 
be made of entire fire control sys- 
tems, including range computers 
and displays. Features of the stand- 


ard unit are continuously adjustable 
target velocities of up to 5000 fps, 
accelerations of up to 30 g, and 
ranges of up to 30 miles, Write in 
No. 72 on Reader-Service Card. for 
more information. 


TRC 


PISTON SEAL FOR DAMPING 


aE HE bellows-diaphragm seal used 
in this damping unit was de- 
veloped by Bellofram  Corp., 
Blanchard Rd., Burlington, Mass. 
According to the company, it oper- 
ates easily on pressures up to 500 
psi and at temperature of —100 
to +550 deg F. 

A modified version of this damp- 
ing unit is being used as a rocket 
test pad shock absorber. The cyl- 
inder housing is mounted on a firm 
base. The shaft, or position, is then 
attached to the object to be “soft- 
mounted’”—in this application, the 
test frame. 

The two Bellofram seals mounted 
back to back are filled with a sili- 
cone fluid. Any downward pressure 
on the shaft is then resisted by the 
silicone fluid as it is forced through 
metering orifices into the lower 
chamber, truly creating a cushion- 
ing effect. When the downward 
pressure is removed, the spring 
automatically restores the device to 
its original position. 

Since the seal has no spring 
gradient of its own, says the com- 
pany, the spring can be designed 
to provide any gradient. Seal hys- 
teresis and friction are so low, it is 
claimed, as to be negligible for any 
accurate instrumentation applica- 
tion. Write in No. 60 on Reader 
Service Card for more information. 

more on page 177 
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This compact, powerful fly-away hoist for the KC-135 lifts an 8,000 lb. load 
at 10 or 20 fpm... moves it in the plane at 20 or 40 fpm. 

Typical of WESTERN DESIGN’S 13 years’ specialized experience in aircraft cargo 
hoisting, transversing and airline baggage lifting, the KC-135 hoist is one of 
many systems designed and produced for applications which include helicopter 
rescue, sonar hoisting, litter lifting, bomb and missile loading, fuel hose retrac- 
tion, and delicate instrument handling. The DC-8, 707, KC-135, B-52, C-124, 
KC-97, C-47, C-46, DC-6, and RC-121 are equipped by WESTERN DESIGN. 

For any cargo hoist requirement, ground or air, call WESTERN DESIGN. 


DIVISION OF U. S. INDUSTRIES, INC. 
Santa Barbara and Montebello, California 


USI-1-1-59 Santa Barbara Airport « Goleta, California * WOodland 7-4571 
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DYNAMIC TESTER 


N ELECTRO HYDRAULIC 
3 “™ system for dynamic test load; 
oe as been. developed by Sanders 
_ Associates, Inc., Nashua, N.H. A 
annel unit has been installed 
Martin-Baltimore, and a two- 
mnel unit is soon. to be installed 
WADC. 
_ The test system can simulate the 
dynamic conditions of actual flight. 
It represents a major advance 
over former methods of structural 
checkout, according to Sanders. 
‘to a large number of separate 
p points and be maintained at their 
; set value regardless of specimen 
- defiection. Up to 70,000 lb of con- 
_ trol force can be exerted in each 
channel. 
Loads can be applied in a pre- 

determined, programmed sequence 
over a short time. Control signals 
can also be applied to activate 
_ hold, continue, reset, and re-cycle 
_ operations. 
In the electro hydraulic control 
system, the output from an input 
_ programer is fed into each channel 
_ of operation. There the error sig- 
hal is amplified to control an elec- 
_ tro hydraulic servo valve whose 
_ output flow is proportional to am- 
_ plifier output. . 
_ A hydraulic actuator operated by 
_ the flow imparts the required force 
_ to the test specimen. This output 
_ force is measured by a force trans- 
_ ducer for voltage feedback to the 
input. When the voltage from the 


p 


transducer equals the input voltage. 


_ from the programer, the error is 
_ zero and the required force auto- 

matically maintained. Write in No. 
62 on Reader Service Card for 
_ more information. 
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PHOTOCOPY CUTS CORNERS 


4 Pee duplex photocopy machine 
® marketed by Copese Corp., 425 
Park Ave., New York, N. Y., can 
reproduce dittoed material, says 
the company, as well as any origi- 
nal—whether it be printed, written, 
typed, or drawn in colored ink, 
pencil, or crayon. Two positive cop- 
ies can be made from a single nega- 
ho tive. : 

_ Each reproduction takes about 
seven seconds. All processing can 
be safely done under office lighting 
conditions. Write in No. 58 on 
Reader Service Card for more in- 

_ formation. 


May 1959 
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since varied loads can be applied | 


Union Indicators help 


Hazeltine radar-display unit 
identify aircraft 


The little box on the right side of the radar-display unit above warns of approach- 
ing aircraft. IFF response is displayed by Alpha-Numerical Indicators, made by 
Union Switch & Signal. Hazeltine Corporation, Little Neck, N. Y., builders of 
this unit, chose Union Indicators for their supreme reliability, compact design, 
and for the other features below: 


Two types of Data Display Indicators are made by Union Switch & Signal: 
Digital, displaying 10, 12, or 16 characters, and Alpha-Numerical, displaying up 
to 64. 


Infinite Retentivity—Both indicators require power only during response time 
and retain data visually and electrically until a new code is transmitted. 


Electrical and Visual Read-Out—Hlectrical read-out of data is provided in the 
same form as the input. Data can be read out on a continuous basis without 
erasing the stored information. Visibility of digital read-out is excellent, even 
when indicators are mounted in rows. Both indicators operate directly on binary 
codes on a null-seeking basis, eliminating need for external translation equipment. 


Write today for complete information on indicators and other electronic equip- 
ment manufactured by Union Switch & Signal. 


‘Poneets ir Push-Button Science” 
NG UNION SWITCH & SIGNAL 
» 


DIVISION OF WESTINGHOUSE AIR BRAKE COMPANY == 


PITTSBURGH 18, PENNSYLVANIA 
Write in No. 433 on Reader Service Card at start of Product Preview Section 
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No matter where it comes from... 
ultra-high angular velocities, skin-friction, 
conduction or radiation from the burners... 
today’s airborne bearings spin in tempera- 
tures that approach ever closer to the soften- 
ing point of conventional steels. 

Unceasing research work here at Roll- 
way strives for new understanding and con- 
trol of limiting forces . . . and for practical 
metallurgical combinations that will enable 


®@ Typical of Rollway R & D work is this 
hydraulic control bearing for the 
McDonnell “Voodoo” jet, featuring 

a broached, non-separable inner race. 


Baby, it’s HOT inside ...... 


aerodyne engines to fly faster, higher and 
further with less mechanical friction drag. 

Rollway service extends all the way 
from down-to-earth estimates of lead time 
to closely-held schedules of delivery dates. 
Maybe we have what you want now on test. 
Costs nothing to find out. Just write or wire 
Rollway Bearing Co., Inc., 582 Seymour St., 
Syracuse 4, N. Y. 


ROLLWAY 


BEARINGS 


COMPLETE LINE OF RADIAL AND THRUST CYLINDRICAL ROLLER BEARINGS 


ENGINEERING OFFICES: Syracuse © Boston @ Chicago @ Detroit e Toronto @ Pittsburgh e Cleveland e Seattle e Houston e Philadelphia @ LosAngeles e SanFrancisco 
Write in No. 434 on Reader Service Card at start of Product Preview Section 
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POTTING COMPOUND 
is transparent 


Dow Corning Corp., Midland, 
Mich., has developed XF 
1-0042, a silicone fluid that can 
be poured into electronic com- 
ponents or subassemblies and 
gels in place to form a pro- 
tective, self-sealing cushion. 
Properly catalyzed and cured, it 
develops into a soft, colorless, 
jelly-like mass that has excellent 
moisture resistance, thermal sta- 
bility, and dielectric properties 
comparable to those of electric- 
grade silicone fluids. The circuits 
of ‘units filled or potted with 
this transparent material can be 
located visually and simply 
checked by inserting test probes 
into the silicone gel. As_ the 


Write in No. 435 on Reader Service Card 


probes are removed from test 
points, the gel completely re- 
seals itself. 

The uncured freezing point is 
—58 deg F. Volume resistivity 
is 5x10" at 23 deg C and 1x10" 
at 150 deg C. Preliminary tests 
on samples exposed to air indi- 
cate that the 1000-hr-operation 
temperature is between 150 and 
200 deg C. Curing time can be 
varied from about 30 minutes to 
nearly 48 hours. Curing tem- 
peratures range from 40 to 150 
deg C. Since XF 1-0042 is an 
experimental product offered for 
evaluation only, its properties 
may be changed to increase its 
usefulness. 
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ALLOYS 
have high heat strength 
Alloys with the characteristics 


necessary for jet engine and missile 
components are being manufactured 
by Universal-Cyclops Steel Corp., 
Dept. S/A, Bridgeville, Pa. They fea- 
ture high heat strength and corrosion 
resistance, and are available in the 
usual forms for engineering steels, in- 
cluding forging billets, sheet, and 
closed-die forgings. 

Among the alloys are Uniloy 1415- 
_ NW, a stainless grade ideal for jet 
_engine compressor blades, rings, tur- 
bine disks, and similar components. 
‘It has a melting range of 2660-2670 
deg F and a density of 0.284 Ib/cu 


in. 
Write in No. 455 on Reader Service Card 


TAPE RECORDER 
is extremely small 


nad 


An airborne tape recorder that 
has seven tape speeds from 0.25 to 
15 ips and is small enough to be 
held in the palm of the hand has 


been developed by Leach Corp., 
Dept. S/A, Compton, Calif. The 
24-0z, ruggedized unit, said to be 
the world’s smallest tape recorder, 
has been tested under actual oper- 
ating conditions for 15-G vibration 
and 2000-G impact. 

Tape widths are % and one in. 
The recorder can be used over —50 


to +200 deg F. 
Write in No. 456 on Reader Service Card 


ANTI-SEIZE COMPOUND 
compatible with lox 


LOX lubricant X-1333 is a syn- 
thetic that may be safely used for 
couplings, valves, and other liquid 
oxygen line parts under any condi- 
tions. It has been developed in 
conjunction with Martin for the Van- 
guard by Lehigh Chemical Co., 
Dept. S/A, Chestertown, Md. 

The anti-seize compound is not 
subject to swift oxidation and sub- 
sequent explosion as a_ result of 
stress, as are common hydro-carbon- 
based lubricants under certain con- 
ditions. Specification MCI 20202 is 
based on the formulation, which has 


its anti-oxidant properties built in. 
Write in No. 457 on Reader Service Card 
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product preview 


NUCLEAR BATTERY 
has high output 


Krypton nuclear batteries that are 
said to produce output potentials of 
over five kv in a 0.25-cu in. volume 
have been announced by Radiation 


Research Corp., Dept. S/A, 1114 
First Ave., New York 21, N. Y. 
Energy storage units, electric deto- 
nator power sources, timing devices, 
and outer space power sources are 
among suggested uses. 

Krypton is not metabolized by the 
body and will dissipate harmlessly if 
the battery is accidentally opened. 
The Model K1A-50 has a minimum 
current of 100 uuamp at no load, 50 
uuamp at three kv, and a capacity of 
under 80 uuf. The one-oz device 
will perform over —175 to +165 F 
and has a useful life limited only by 


the ten-year half-life of krypton. 
Write in No. 458 on Reader Service Card 


CRYOGENIC TANKS 
are highly insulated 


Super insulations up to 26 times 
more efficient than standard vacuum 
insulations are being used in cryogenic 
liquid storage tanks under manufac- 
ture by Linde Co., Dept. S/A, 420 
Lexington Ave., New York 17, N.Y. 
The insulations, said to constitute a 
major breakthrough in cryogenic en- 
gineering, make possible construction 
cf liquid oxygen storage tanks for 
missile stands that will hold the 
volatile liquid for months or even 
years with very little evaporation loss. 

Liquid hydrogen and liquid helium 
storage containers requiring no _ liq- 
uid nitrogen coolant can also be built. 
The insulations reportedly are lighter 
in weight than any other cryogenic 
insulating materials. The best of the 
super insulations are being used in a 
large, unvented helium vessel, which 
will have a 15-day pressure rise of 


under 180 psi. 
Write in No. 459 on Reader Service Card 
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TRAILER: 
stores high-pressure gas 


A tire-mounted storage trailer for | 
gases used in pressurizing missile | 
components and systems is available | 
from Kahn & Co., Inc., Dept. S/A, 
P.O. Box 516, Hartford 1, Conn. The | 
Model KC-1093 trailer contains ten | 
ICC-3AA storage bottles and is de- | 
signed for an operating pressure of | 


6000 psi. 


Each of the two manifolded sys- 
tems has a high-pressure discharge | 


hose and quick-disconnect fitting. 
Write in No. 460 on Reader Service Card — 


ANTENNA | 
provides wide bandwidth — 


The functions of as many as 12 
antennas can be performed by ‘a 
single 237A logarithmically periodic 
antenna by virtue of the very wide | 
bandwidth it provides, says Collins 
Radio Co., Dept. S/A, Cedar Rapids, 
Ia. Radiation and impedance charac- 
teristics are essentially independent 
of frequency over bandwidths as high 
as ten to one, a range that could be 
extended feasibly to 100 to one. 

The antennas are based on a struc- 
tural geometry that results in the 
repetition of the antenna’s electrical 
characteristics periodically as the log 
of the frequency. The three antennas 
in the series radiate a horizontally 
polarized, unidirectional beam and 
have a free space gain of eight db 
over an isotropic system. A motor 
drive rotates the antennas to any 
azimuth. Included in the series are 
237A-1, which covers 6.5 to 60 mc 
and mounts on a _ 105-ft tower; | 
237A-2, with 11.1-60-mc range and 
a tower height of 84 ft; and 237A-3, 
with a 19-60-me coverage and tower 


height of 56 ft. 
Write in No. 461 on Reader Service Card 
more on page 182. 
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No. 16 «Mars Outstanding Design Series 


| LOMGITUOInAL SEKTION THOUGH Caeao SNeGk 


UNDERWATER CARGO ~-P. J. Carroll, M. E., of Dub- 
lin, Ireland, has developed this ingenious method of underseas shipping. 

The tug, powered by nuclear reaction, tows a string of cargo vessels, 
taking advantage of ocean currents and sub-polar routes —free from 


delays due to weather or tides. u 
Power supply is adequate for years and tug can remain submerged | | 
indefinitely. It can transport cargo to and from many ports without sur- | 
facing, since based-in-port auxiliary submarine vessels uncouple the cargo if 
carriers from tug and lead them into underwater pens. There cargo, stored 
in containers, is transferred by elevators and conveyors to trucks which are 
. then sped by nuclear powered mono-rail to principal distribution points. s 
This nuclear-age concept of shipping is one more example of the = 


contributions that today’s designers are making. To help them translate 
their pace-setting ideas from concept to reality, they require the best of 
drafting tools. 

In pencils that means MARS, long the standard of professionals. 


the pencil that’s as good 


Sold at all good engineering and drawing material suppliers e J. S. STAEDTLER, INC. e 
¥ Write in No. 436 on Reader Service Card at start of Product Preview Section 


May 1959 


Among the famous 
imported Mars draft- 
ing products are: 
Left — 1001 Mars- 
Technico push-but- 
ton lead holder. 
Above — 1904 Mars- 
Lumograph drawing 
leads, 18 degrees, 
EXB to 9H. Below — 
2886 Mars-Lumo- 
graph drawing pen- 
cils, 19 degrees, 
EXEXB to 9H; 2830 
Mars-Lumograph Du- 
ralar—for drafting on 
Mylar®-base tracing 
film —5 special de- 
grees, K1 to K5; Mars- 
Lumochrom colored 
drawing pencils, 24 
shades. Not shown — 
Mars Pocket-Technico 
for field use; Mars 
pencil and lead sharp- 
eners; Mars Non-Print 
pencils and leads. 


Mars ‘Products are 
available at better. 
engineering and 
drafting material sup- 
pliers. 


@T.M. FOR duPONT'S POLYESTER FILM 


asokunaean N. J. 
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EW INo-Leak 


Light Weight — 
8 oz. 


@ Two Way 


Z Operating 
Pressure to 
3000 psi 


@ Fluids — 
MIL-0-5606 and 
similar fluids 


* This compact, pilot operated, 
dependable valve features low 
power consumption, fast positive 
response and low pressure drop. 
Its cartridge type construction 
simplifies circuit design and 
permits removal of main valve 
or the continuous-duty solenoid 
for easy maintenance. 

This precision valve is another 
example of Fluid Regulators’ 
ability to design and 
niahufacture fluid flow and 
pressure control valves to meet 
exacting specifications. For 
immediate analysis of your 
problem and practical 
recommendations write: 


! 
i 
| 
! 
! 
! 
I 
! 
1 
1 
| 
! 
| 
1 
! 
| 
| 
| 
| 
| 
| 
I 
| 
1 
| 
i 
! 
! 
| 
i} 
i] 
i 
| 
| 
J 
| 


Designers and 
manufacturers of 
hydraulic and fuel 
valves for aircraft 
missiles, rockets, 
ground handling and 
support equipment. 


313 Gillette Street e 


SOL, EIN OTD 


SPECIFICATIONS: 


Proof Pressure: 4500 psi 
Burst Pressure: 7000 psi 


Temperature Range: 
—65° F. to +.275° F 


Operating Current: 
0.185 amp. at 25 V D.C. 


Solenoid furnished with leads 


or connector 
Port Sizes: AND 10050-4 


Internal Leakage: Zero 


External Leakage: Zero 
Part No.: AA 7479 
Write for detailed literature 


egulators 


CORPORATION 


Fics 


Painesville, Ohio oe 
Write in No. 437 on Reader Service Card at start of Product Preview Section 


ELmwood 2-3319 


PRODUCT PREVIEW 


have zero leakage 


Zero leakage, zero pressure drop’ ' 
is claimed for these larger-capacity| 
ball valves with compact envelopes. In 
operation, the balanced ball design’ 
and specially formed seals have pro-| 
vided zero leakage sealing for liquid 
nitrogen at —320 deg F at 1200 psig.) 
liquid oxygen at —297 deg F at 1000} 
psig, and helium gas at 70 to 820} 
deg F at 2100 psig, 

Valves will also handle fuels and | 
acids. Bubble tight performance’ is 
claimed over the entire range of | 
standard working pressures, 0-2,500 | 
PSI by Vickery Co., Dept. S/A, 610 
Sixteenth St., Oakland 12, and 33812 | 
West Vernon Ave., Los Angeles 8, 
Calif. 

Write in No. 463 on Reader Service Card | 


SMALL COUPLINGS 
use helical design 


Smooth bearing loads, constant ve~ 
locity, and absolute zero backlash re- 
sult from the helical design used in 
a miniature shaft coupling that weighs 
only 1/80 oz, says Helical Products 
Co., Dept. S/A, 1402 The Strand, 
Hermosa Beach, Calif. The coupling, 
which is %4 in. long and has a %4-in. 
diameter for a ¥%-in. shaft, is ground 
from one piece of matened and has 
no pins, screws, or rivets. 

Couplings for other shaft sizes are 
available. Special couplings, custom- 
made from any creep-resistant mate~ 
rial, may be provided with integral 
flanges, gears, clutch and brake com- 


ponents, and shafts. 
Write in No. 464 on Reader Service Card 


SIGNAL GENERATOR 
features control circuit 


Type 1013 is a signal generator 
and control system designed for use 
with graphic readout in automatic 
frequency response measurements 
over 200 cps to 200 ke, says B&K 
Instruments, Inc., Dept. S/A, 8044 
W. 106th St., Cleveland, O. The 
Bruel & Kjaer instrument features a 
control circuit based on overall sys- 
tem feedback. 

The control circuit will override 
non-linearities in the test system be- 
tween the point of test specimen 
excitation and the signal generator. 
Thus it can regulate signal generator 
output for constant sound pressure vs 
frequency to calibrate an unknown 


sound transducer. 
Write in No. 465 on Reader Service Card 
more on page 186 
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RADIAL 
advciohid 


in missile plants across the country and in the BATH Contract 
Forming Division, RADIAL DRAW. FORMERS are producing” 
curved shapes for practically all the major missile programs. 


The BATH rotary table design and simultaneous stretch-form 
and w/pé-form techniques yield large, -one:piece parts that are 
both light and acctirate. The new BATH yield-tension control 

THE CYRIL offers extreme accuracy even in today’s tough metals. Maximum 
strength is assured and certified in every part formed. 


BATH In missile, jet engine and aircraft production... . where accuracy, 


COMPANY stability and producibility really count... more and more 
parts are being formed by the RAD/AL Draw method. Write 
for the new catalog number C.F.856 describing BATH 


32370 AURORA ROAD - SOLON, OHIO * \ 

(LOCATED IN THE GREATER CLEVELAND AREA) ° — Radial Draw Formers or catalog number 32310 

Manufact f Radial D F * Dies ¢ Tools \ ‘ Sri bt iliti : Nees 

Poe. 4 Teagent Be chanscquence SsAases © Press ; describing the facilities of the Contract Forming Division, 
Type Brakes © Special Machines \ Lees ee ee ee 


Write in No. 438 on Reader Service Card at start of Product Preview Section 
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Write in No. 439 on Reader Service Card at start of Product Preview Section 


in LOX cold 


or 
blast-off flame 


These special hermetic and environment- 
free switches were designed to perform 
perfectly in unusually rugged environments. 
For example... 


An Electrosnap valve position indicator 
switch for a liquid fuel rocket works reliably on 
valves handling LOX at minus 300° F. 


A major missile uses a specially-designed 
Electrosnap switch as an interlock 

or “away” switch, to prevent the missile from 
being fired when it is not within specified 
aiming limits. This switch must function 
within range of the rocket flame. 


‘Absolutely reliable long storage life is a 


feature of an Electrosnap mass acceleration 
switch used to cut-in the guidance system 
on one of our stockpiled missiles. 


One of the successful IRBM’s has an 
Electrosnap separation switch which signals for 
firing Stage Two when Stage One is dropped. 


Behind these, and many other hermetic and 
environment-free switches, are many design 
conferences where leading missile and aircraft 
manufacturers developed unusual requirements 
for switches and controls. And they took their 
problems to Electrosnap for solution. 


Asa result, whatever your requirements, we prob- 
ably already have a standard design that can fill 
your need. The savings in time and money are 
yours. If a special switch or actuator is required, we 
can quickly create or modify a design in any quan- 
tity to your specifications. Send us your problem. 


Write for complete technical literature on Hermeti- 
cally-Sealed and Environment-Free Switches. 


ao 


ELECTROSNAP CORPORATION 
SWITCH DIVISION 


4220 West Lake Street 
Chicago 24, Illinois 
Telephone VAn Buren 6-3100 - TWX CG-1400 
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OU CAN USE these new, sub- 
miniature switches where posi- 
tive, snap action — with long 
life and dependable operation 
Over a wide temperature range 
— is vital to control circuits. 
Up to +650F, or down to 
—65F, the UNIMAx Type FC 
switch provides precise control 
in small space, Type FC-1 has 
welding-tab terminals; Type 
FC-2 has threaded-stud ter- 
minals. 


A descriptive data sheet will be 
sent on request. For detailed 
test data covering temperature 
characteristics, life, repeatabil- 
ity, and vibration and shock 
resistance, write — on com- 
pany letterhead — for Report 
No. RFC-12. 


LECTRICAL RATINGS 
4 amperes, resistive, 

: at 18-30 volts d-c 

2.5 amperes, inductive, 

: at 18-30 volts d-c 


UNIMAX SWITCH 


SH: Vi. ve hic 


Write in No. 440, on Reader Service Card 
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AMPLIFIER SYSTEN 
has own power supply 


The AC Voltage Amplifier System, Model 10-60, is z 
seven-channel preamplifier for piezo-electric transducers, 
Some of its features are: 100 megohm input impedance} 
0.4 cps to 200,000 cps bandwidth, one and ten voltage 
gains (remotely controlled), and full output into 6000 
mmf of cable capacitance up to 70 kc. Shock-mounted sub- 
miniature tubes are used to obtain high input impedance, 
and silicon transistors are used to provide high output cur- 
rent capability, says Dynamics Instrumentation Co., Dept: 
S/A, 1118 Mission St., So. Pasadena, Calif. 

The system is designed to minimize ground loop prob-! | 
lems since each amplifier has its own isolated power supply} 
with doubly-shielded transformer. All amplifiers are in-} 
sulated from the cabinet. | 


Write in No. 466 on Reader Service Card! 


VANE MACHINE 
cuts costs’ 


A new vane generating machine for machining vanes | 
and blades takes as little as 10 minutes per blade. The 
machine is designed to take any vane configuration: | 
straight or tapered sides, concave or convex shapes and 
constant or variable leads. Vanes can be generated 720. 
deg and may be perpendicular either to the axis or hub, 
says Machine Tool Div., Nationwide Engineering Service, 
Inc., Dept. S/A, 61389 W. Washington Blvd, Culver City, 
Calif. 

The work capacity is six in. diameter maximum and six 
inches length maximum. Work spindle speed ranges from 
0 to 75 rpm, air cutter spindle speed ranges from 18,000 
to 35,000 rpm. 

Write in No. 467 on Reader Service Card 


OSCILLATOR 
is low cost 


A specially designed proportionally-controlled oven sys- 
tem, the RD-140, provides an output frequency stability 
of better than one part in 108 per day for a new, low-cost 
o-megacycle crystal oscillator. It consists of a one-tube 
(6AH6) oscillator assembly, a thermo-oven, which houses 
the crystal, and an oven control amplifier, says Manson 
Laboratories Inc., Dept. S/A, P.O. Box 594, 207 Green- 
wich Ave., Stamford, Conn. 

The proportional control system never allows the oven 
temperature to vary more than 1/1000 of the ambient tem- 
perature change. A single element, a temperature-sensitive 
resistance bridge, is used for oven heating and for sensing 
temperature change, and eliminates temperature-cycling 
and oven power-surging. It sells for about $200.00. 

Write in No. 468 on Reader Service Card 


GROUND POWER 
for missile check-out 


The Model 2615 motor-clutch-generator set is a 15 kya 
unit designed for automatic prelaunch check-out of missile 
systems, according to Varo Mfg. Co., Inc., Dept. S/A, 2201 
Walnut St., Garland, Texas. Frequency regulation is 500 
cps, +0.1 per cent, and efficiency is 60 per cent at 15 kva. 

Featured is a control that allows frequency and voltage 
tracking, as well as automatic load transfer to the missile 
airborne supply. Automatic synchronization with the supply 
is also permitted by the control. The Model 2615 incorpo- 
rates a tuning fork speed control to regulate an electro- 
magnetic clutch between a 60-cps induction drive motor 
and a 400-cps generator. The device may be skid or 
trailer-mounted. 

Write in No. 469 on Reader Service Card 
more on page 188 
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Man's Eternal Struggle with the Machine 


THE GUIDED MISSILE IS A VAST COMPLEXITY OF SYSTEMS. FOR GUIDANCE, TELEMETERING, CONTROL, PROPULSION, ETC. 


Would you like to know a 
simple way to build a guided missile? 


Sure you would... and so would every- 
body else! 

Obviously, there isn’t any simple way to 
build a guided missile. And, what’s more, 
there may never be one. 

But... 

Research~ and- development people just 
like yours are proving every day that 
there is a simpler way! Constantly, tech- 
nological improvements are being devel- 
oped in your own laboratories as well as 
in laboratories of such organizations as 
Sciaky. 

Sciaky operates the only independent, 
fully staffed and equipped Research Center 
dedicated to the development of the resist- 
ance welding techniques of fabrication. 

That’s why the Sciaky Research Center 
has become a major source to all manufac- 
turers for (1) basic and advanced research, 
(2) development.of experimental tooling 
and fixturing, (3) assembly of experi- 
mental and prototype models, (4) pilot 
production runs, etc. 


} 


Why take less than the full advantage of 
consulting with Sciaky engineers on your 
research and development projects. You 
will receive the full support of (1) the 
knowledge and experience that has pro- 
duced almost all the basic technological 
advances to resistance welding equipment, 
(2) a complete array of testing and inspec- 
tion apparatus, and (3) the most unusual 
collection of the most advanced resistance 
welding machines of all types, as well as 
all the other machine shop, fabricating 
facilities, etc., necessary to a research func- 
tion of this magnitude. 


Write today under your company letter- 
head for your copy of the facilities bro- 
chure describing the Sciaky Research 
Center in detail. No obligation, of course. 


Deen 


SCIAKY BROS., INC. 4912 W. 67th Street, Chicago 38, Illinois ¢ | POrtsmouth 7-5600 


Write in No. 441 on Reader Service Card at start of Product Preview Section 
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...THE TRULY 
REUSABLE FITTING 
FOR FLUOROFLEX®T HOSE 


Triple-locked 


Positively 
leakproof 


A Threaded lockring grips braid tightly; 
buried, it’s tamper-proof. 
Before tightening—nipple about to 
contact coned disk of lockring. 

1 Tightened . . . spring action of coned disk 
locks threads in compression. 


2 Male threads are securely wedged 
against flanks of female thread. 


3 Radial displacement of coned disk 
presses rim against socket wall. 


Superior design gives this reusable fitting 
the same iron-clad safety and reliability as 
the service-proved Resistoflex factory- 
swaged fitting. Unique coned disk lockring 
provides triple lock when nipple is tightened 
... fitting cannot leak, cannot blow-off. 
Seal-Lock fittings are specially designed 
for fluorocarbon hose. Their reliability is 
assured by the company with the greatest 
experience in fluorocarbon hose production. 
They’re CAA approved. Send for bulletin 
giving full data. Dept. 2839 RESISTOFLEX 
CORPORATION, Roseland, N. J. 


*Trade Mark Pat. applied for. 
@ Fluoroflex is a Resistoflez trademark, reg., U.S, pat. off. 


3. Thread lock action 


Originators of high temperature fluorocarbon hose assemblies 


FRes istoflex 


CORPORATION 
Roseland, New Jersey - Western Plant: Burbank, Calif. - Southwestern Plant: Dallas, Tex. 
Write in No. 442 on Reader Service Card at start of Product Preview Section 
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LOW-PASS FILTERS 
are miniature 


These small, low-cost filters have 
50 db minimum attenuation at the 
critical frequency. Attenuation of 25 
db or more is maintained as high as 
10 times this specified frequency, says 
T T Electronics, Inc., Dept. S/A, P.O. 
Box 180, Culver City, Calif. 

The bandpass insertion loss falls to 
83 db at 0.01 times the maximum at- 
tenuation frequency. Rejection fre- 
quency as low as 20 cps can be 
specified for these RC nétworks. The 
units are encapsulated in an epoxy 
resin. for stability. The cylindrical 


“package is 1%4¢ in diameter and 1% 


in. high. 
Write in No. 470 on Reader Service Cad 


CATHODE-RAY TUBE 
is ultra-short 


The Type 8YPI 1%x8-in. rectangu- 
lar CRT can be operated at anode 
potentials as low as 500 V with verti- 
cal and horizontal sensitivities of 26 
and 40 V dc per inch, respectively, 
says Waterman Products Co., Dept. 
S/A, 2445 Emerald St., Philadelphia, 
Pa. 

Despite its short length of 7 in. 
overall, the tube has high brightness 
and can operate with anode potentials 
as high as 2750 V. The tube is electro- 
statically focused and deflected. The 
tube is also available with P2, P7, 
and P11 phosphors. 

Write in No. 471 on Reader Service Card 


POWER AMPLIFIER 
is small and rugged 


Abuse from the most rigorous air- 
borne and missile applications will 
not affect this r-f power amplifier, 
which measures about 5x3% x 2 in., 
says Electronics Div., Rheem Mfg., 
Co., Dept. S/A, 7777 Industry Ave., 
Rivera, Calif. The one-lb Model REL- 
09 HF operates in the 235 to 260- 
me telemetering band. 

The device delivers an eight-W 
output to a 52-ohm load, with a 1.4- 
W input drive. Grid and plate tuning 
controls are accessible from the front 
plate. The amplifier is protected 
against damage resulting from the 
loss of drive or plate power. 

Write in No. 472 on Reader Service Card 
more on page 193 
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single operation 


Tap-Lok inserts provide strong wear-resistant threads 
in relatively soft machinable materials (wood, plastic, 
aluminum, etc.) . . . as well as in harder materials 
where repeated assembly makes excessive thread wear 
a problem. 

Unlike ordinary threaded inserts, however, Tap-Lok 
inserts cut their own threads in the parent material. 
Thus, no additional assembly time is required with a 
Tap-Lox insert. 


Onecare ma- 
_ terials and to meet MIL and 
— ee calling: for. 


the TAP-LOK 


threaded insert 


Its installed -cost is the lowest of -any threaded insert. 

The locking action is achieved in this way: the 
tapered pilot section carrying the thread cutting edges 
is followed by the full diameter threads which force 
their way into the parent material. Once installed, a 
TAP-LOK insert is permanently locked in place. 

Available in the types shown below, Tap-Lox in- 
serts can be used wherever threaded inserts are required. 
Write today for complete information. 


withnle splitting. 
ure, cabinets and 
whi 


Another fastener development from— 


GROOV-PIN corporation 


1121 Hendricks Causeway, Ridgefield, N. J. 


Write in No. 443 on Reader Service Card at start of Product Preview Section 
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220 High Speed Printer System Paper Tape Reader/ Punch Magnetic Tape Unit 
RS 
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expandable for growing needs: 


a full range of Burroughs electronic computers 


aa eee at? ; 4 ee oe ee 6 ri aa, eee 6 on | ee ee 
| | | 1 | | 


for science and business 


From advanced computer systems to individual computer components...the Burroughs line of electronic 
data processing equipment spans a full range of varied requirements for both scientific and business appli- 
cations. @ Start at the top if your needs call for giant computer ability: The Burroughs 220, first and 
only available medium-priced computer with expandable magnetic core storage...a powerful multi-purpose 
‘system which can grow with your computational requirements. The 220 is now at work and delivering 
effective results at the lowest application cost. e If present application demands are more moderate, inves- 
tigate the versatile Burroughs 205. First in its field with external magnetic tape storage...complete choice 
of input/output media with flexible, modular expansion, top capacity and speed. The 205 has thoroughly 
proven its economic value in a wide variety of scientific and business applications. e Most popular of all 
low-cost computers is the Burroughs E101. Exclusive, simple pinboard programming frees engineering man ~ 
hours, by reducing manual computation time up to 95%. Machine ability is further extended by optional 
punched paper tape input/output equipment and new punched card input unit. e Burroughs advanced 
sub-systems include: Datafile magnetic tape unit with vast external storage capacity...up to 50-million 
digits per unit; Cardatron...fastest, most powerful card handling system; 220 High Speed Printer System 
...a transistorized unit with unmatched speeds up to 1500 lines per minute, on-line or off-line operation. 
High Speed Photoreaders, Magnetic Tape Units and other computer system components are also finding wide 
use in data processing, communications and allied fields. e Currently in production, all these Burroughs: 
products are designed to meet your growing data processing needs...and supporting the entire Burroughs 
line is an outstanding team of computer specialists for efficient, on-the-spot, technical assistance. Write 


today for brochure, specifying system or component. e ElectroData Division, Pasadena, California. 


Burr oughs Cor porat 1OM. “NEW DIMENSIONS/in electronics and data processing systems” 


Write in No. 444 on Reader Serice Card at start of Product Preview Section 
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Two for the space age—AL’s AM-350 and AM-355 
precipitation hardening steels 


A unique combination of highly desirable properties de- 
scribes Allegheny Stainless AM-350 and AM-355 Steels. 
They combine high strength at both room and elevated 
temperatures, excellent corrosion resistance, ease of fabrica- 
tion, low temperature heat treatment, good resistance to 
stress corrosion, 

They are proving the answer to many space age problems. 
Airframe and other structural parts, pressure tanks, power 
plant components, high pressure ducting, etc. are all 
natural missile and supersonic aircraft applications for 
AM-350 and AM-355. 


AVAILABILITY: AM-350, introduced several years ago, is 
available commercially in sheet, strip, foil, small bars and 
wite. AM-355, best suited for heavier sections, is available 
commercially in forgings, forging billets, plates, bars 
and wire. 

CORROSION RESISTANCE: Compared to the more fa- 
miliar stainless grades, AM-350 and AM-355 tesist corrosion 
and oxidation better than the hardenable grades (chromium 


WSW 7516 


martensitic) and only slightly less than the 18 and’ 9's. 
They resist stress corrosion at much higher strength levels 
than do martensitic stainless grades. 

SIMPLE HEAT TREATMENT: High strength is developed 
by two methods. Both minimize oxidation and distortion 
problems. The usual is the Allegheny Ludlum-developed 
sub-zero cooling and. tempering (SCT): minus 100F for 3 
hrs plus 3 hrs at 850F. Alternate method is Double Aged 
(DA): 2 hrs at 1375F plus 2 hrs at 850F. 

EASY FABRICATION: AM-350 and AM-355 can be spun, 
drawn, formed, machined and welded using normal stain- 
less procedures. In the hardened conditions, some forming 
may be done . . . 180 degree bend over a 3T radius pin. 
Also AM-350 can be dimpled in the SCT condition to 


~ insure accurate fit-up. 


For further information, see your A-L sales engineer ot 
write for the booklet “Engineering Properties, AM-350 
and AM-355.” Allegheny Ludlum Steel Corporation, 
Oliver Building, Pittsburgh 22, Pa. Address Dept. AV-17 


ALLEGHENY LUDLUM | 


Export distribution: AIRCO INTERNATIONAL 
EVERY FORM OF STAINLESS... EVERY HELP IN USING IT 


Write in No. 445 on Reader Service Card at start of Product Preview Section 
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SPACE/AERONAUTICS 


{ works around curves 


SILICON RECTIFIERS 
are rated at 5 amp 


_ A series of silicon rectifiers having 
peak inverse voltage ratings ranging 


from 50 to 600 V and delivering 5- 
| amp of rectified current are available 


‘from Bendix Aviation Corp., Red 
Div., Dept. S/A, Long Branch, 


The rectifier package conforms to 


_ the latest proposed Vedec standards 
and are of the diffused-junction type 


for low forward drop and lower re- 
verse leakage current. EIA has re- 
served the Jedec designations INI612 
through IN616 for this series of recti- 


fiers. ‘The operating temperature ex- 


tends from —65 to +175 deg C. 
Write in No. 473 on Reader Service Card 


BELLOWS MOTOR 


. 


A <uligble ran -actuated allows 


motor that has a 0.820-in. diameter 
and a one-inch length can be guided 


around a 90-deg curve, according to 


Atlas Powder Co., Dept. S/A, Wil- 


mington 99, Del. The unit is capable 
of a 10-Ib thrust over a one-inch 


minimum stroke within one msec. 


One hundred ergs at 1.5 V, or 
0.3 amps, are sufficient for actuation. 
The device will operate properly be- 
tween —65 to +165 deg F and will 
withstand 20,000 G of shock and 


acceleration. 


Write in No. 474 on Reader Service Card 


ACCELEROMETERS 
measure two inches 


This line of high precision torque 
generator linear accelerometers meas- 
ures only two inches in diameter. Very 
high accuracy is assured in these units 


through use of torque generator re- 


straints in place of the usual torsion 
bar. Operated in a closed-loop servo 
system, precision of the highest order 
can be obtained, says Reeves Instru- 
ment Corp., Dept. S/A, 207 E. 91 
St., Ne wYork 28, N. Y. 

The unbalanced weight is housed 
in an hermetically sealed cylinder 
which in turn is fully floated in exact 


- equilibrium in a high density viscous 
fluid. This floatation process serves 


to remove all load from the jewelled 
bearings, while ‘providing viscous 
damping and shock absorption. 

Write in No, 475 on Reader Service Card 


... now taking 


Lockheed ELECTRA’S 
temperature...to 1°C. 


High accuracy, and easiest needle 
pointer plus digital in-line counter 
readout, are the principal service fea- 
tures of the BH183 AUTOTEMP® jet 
engine temperature indicator. 

AUTOTEMP is designed and pro- 
duced by the makers of the JETCAL 
Analyzer®, the only jet engine tester 
used throughout the world. 


The AUTOTEMP is a completely new 
instrument...a continuous null bal- 
ance 144-inch slidewire potentiometer 
combined with a linearizing analog- 
to-digital converter. Its accuracy is 
the simple attribute or phenomenon 
of its novel and basic slidewire 
potentiometer! 

Completely self-contained... tran- 
sistorized, miniaturized, hermetically 
sealed, servo-driven...the AUTO- 
Temp’s 3”-diameter case includes a 
Zener reference, power supply, ampli- 
fier, servo motor, cold junction com- 
pensation and the 144-inch slidewire 
and punched tape to linearize thermo- 
couple e.m.f. for exact, counter-type 
digital readout. The needle pointer 
indicates in 50°C increments over the 
0 to 1200°C full range of the unit. 


Full information is contained in our Bulletin BH183 
available for the asking! 


Write in No. 446 on Reader Service Card at start of Product Preview Section 
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advancement 
in instrument 
design 


actual size 
Model HCM 7/16 


MINIATURE 7/;¢" INDICATOR 


Micro-miniature moving coil, core mag- 
net indicator; 7/16” diameter, 31/32” 
length. Weight 10 grams;° sealed. 
Available with a pointer or flag dis- 
play in a wide variety of electrical 
sensitivities and functions. Data on 
request. Marion Instrument Division, 
Minneapolis-Honeywell Regulator Co., 
Manchester, New Hampshire, U.S.A. 
Copyright © 1959, Marion 


“WHERE ELECTRONICS MEETS THE EYE" 


Write in No. 447 on Reader Service Card 


INCHES! 


The Systems Approach to 


The 60 to 400 cycle frequency changing MmatOr 


generator set and complete controls are 


mounted together on the skid —base.~ This ~— 


smaller type cubical contains all necessary 
meters, laced and channeled circuitry, motor 
starter with stop and start push buttons and 
a Kato static REGOCITER combination voltage 
regulator and static exciter. Kato Magtrol 
static regulators are manufactured for use 
with brushless AC generators which must 
have rotating exciters, 


Investigate Kato’s complete line—60 and 400 
She generators—various speeds—brushless or 
slip ring types—motor generators 
for all power converting needs— 
complete line of controls for all 
rotating electrical machinery. 


WRITE FOR DETAILS 


KATO fepiccrng lngary 


1424 FIRST AVE., MANKATO, MINNESOTA 


SS a SEE 
——————————————————— 
Write in No, 448 on Reader Service Card 


Shown Actual Size 


. . . a brand new proportional amplifier only 5 cubic inches in 
size and .54 lbs. in weight—for missile, aircraft, and ground 
equipment applications. A 400 cps, 115 volt proportional 
temperature control unit using silicon control rectifiers 
ha in the output stage, it handles up to 500 watts power. 
Maximum ambient temperature capability of 100°C! 
It’s exclusive—available now—and ready to solve your 

space, weight, and power problems! 


| Write today for complete information: 
MAGNETIC CO NTROLS 
COMPANY 
c 6405 Cambridge Street, Minneapolis 16, Minnesota, Dept. 101 


Write in No. 449 on Reader Se:vice Card at start of Product Preview Section 
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POWER CONVERSION 


SS ee eee 
Now Kato'’s complete line of generators 
is also available in brushless design. 
pene blir Pench el Sa ellie eth 


fale 


PRODUCT PREVIEW 


- . DIFFERENTIAL SWITCi 
is easy to operat; 


A differential switch that j 
basically a small, mechanical assem: 
bly used to sense displacement 0; 
two shafts has been developed by 
The Newton Co., Dept. S/A, 53 
Elm _ St., Manchester, Conn. Thé 
easily operated device relates a de. 
sired shaft position of the 0.25-i 
shaft to the 0.125-in. shaft through 
SPDT center-off contacts. 

Actuation of an external circuit by 
the contacts permits the 0.125-in. 


~~shaft to be driven to the position of 


the 0.25-in. shaft; contacts then be- 
come center-off. Direction of contact 
closure indicates the shortest direction 
of turn for the desired null. 

Write in No. 476 on Reader Service Card 


MOTOR GENERATOR 
works on variable voltage 


The Model 11GM152 size 11 mo- 
tor generator operates between six 
and 200 V and has a load speed of 
6000 rpm with a power input of 
3.5 W at 0.053 amp. The generator 
gradient is 0.5 V per 1000 rpm and 
has a total null of 0.012 V, according 


to Servo Dynamics Corp., 
S/A, Somersworth, N.H. 
Effective resistance of the 1. 875- 
in. unit is 3780 ohms; linearity is 0.5 
per cent. The device has an operating 
range of —65 to +200 deg C and 


Dept. 


_ meets the environmental requirements 


of Mil-T-5422C and Mil-E-5272A. 
Write in No. 477 on Reader Service Card 


TUNGSTEN CARBIDE 
sprayed in hard-facing 


The hard facing of a number of 
metal components with sprayed tung- 
sten carbide at a deposit efficiency of 
over 90 per cent has been made pos- 
sible by a new spray-powder material, 
says Metallizing Engineering Co., Inc., 
Dept. S/A, 1101 Prospect Ave., West- 
bury, N. Y. The material, developed 
for use with the Metco Thermospray 
gun, permits a coating speed of 110 
to 150 sq ft/hr, for a 0.001-in. coating. 

Any coating thickness may be ap- 
plied to metal parts subject to ex- 
treme wear. 

Write in No. 478 on Reader Service Card 
more on page 196 
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Wire and cable insulated with “TEFLON” TFE resins 
withstand continuous high ambients in the toughest services 


With TEFLON TFE-fluorocarbon resins, you obtain a built- 
in safety factor. No other wire and cable insulation offers 
you so great a latitude in overcoming temperature problems 
and accidenta] overloads. Wire and cable insulated with 
these resins are rated for continuous service at 260°C. Yet 
recent tests have shown that in some cases the useful wire 
insulation life of TFE.resins is greater than 1,000 hours at 
350°C. (662°F.) and 100 hours at 400°C. (752°F.). The 
heat-aging data below shows that even after 6 months at 
300°C. (572°F.) the excellent electrical properties of TFE 
resins are unchanged, and considerable mechanical tough- 
ness is retained. 


So if reliability is your prime requirement—in assembly, 
production, storage or service—specify wire and cable in- 
sulated with TEFLON TFE resins. Often, this is the least 
costly way to achieve a design objective. See your local 
supplier of this wire and cable for an engineering approach 
to your wiring reliability problems. 

You'll find him listed in the Yellow Pages under “Plastics 
—Du Pont’’. Or, for detailed technical data on these resins, 
write: to E. I. du Pont de Nemours & Co. (Inc.), Poly- 
chemicals Dept., Rm. T-65 Du Pont Building, Wilming- 
ton 98, Delaware. In Canada: Du Pont of Canada Limited, 
P.O. Box 660, Montreal, Quebec. 


EFFECT OF HEAT AGING 
Results of oven aging at 300°C. (572°F.)* 


ELECTRICAL 


MECHANICAL 


Dielectric 


Exposure time Dissipation Dielectric Strength 


Yield Stress 


Yield Elongation Tensile Strength | Ultimate Elongation 


(psi) (%) (psi) (%) 


(volts /mil) 


at 300°C, Factor Constant 


ASTM D-149 


TORR 


As received 2.03 2930 


2100 


2.08 2830 


2290 


*5-mil film samples of TFE-fluorocarbon resins 
_ Tests performed at Ava temperature following heat aging 


— QDI 


REG, U.S, PAT. OF 


THINGS FOR BETTER LIVING... 


BETTER 


BSG 4 
4 f 


2420 


**MD—Machine direction 


TEFLON 


TFE-FLUOROCARBON RESINS 


THROUGH CHEMISTRY 
Write in No. 450 on Reader Serice Card at start of Product Preview Section 


2320 


***T D—Transverse direction 


ethylene) resins discussed herein, 


TEFLON is Du Pont’s registered trademark for its 
fluorocarbon resins, including the TFE (tetrafluoro- 


H-R Product Manufacturing Plants in Buffalo, N. Y. « Chicago, Ill. © King of Prussia, Pa. ¢ Passaic, N. J. 
Amsterdam, Holland * Johannesburg, South Africa ¢ London, England * Montreal, Canada ® Paris, France 
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IN-FLIGHT REFUELING 
HOSE? Vital feature of the 
e probe and drogue method of 
refueling is the compact, easy-to-handle 
hose and integral coupling assembly de- 
veloped and manufactured by Hewitt- 
Robins. Aerodynamically balanced hose 
trails at high speed without wobbling, ab- 
sorbs tremendous shock loads, and pro- 
vides maximum safety. 


VACUUM HOSE? Exceptional flexibility 
under extreme temperatures combines 
with long life in H-R reinforced synthetic 
rubber or silicone vacuum hose. Lengths 
and diameters for all high-performance 
applications. 


JET STARTER HOSE? For hot or cold air 
starts using various elastomers. Also spe- 
cially designed wire braided constructions 
for recharging self-contained air bottles. 


Hewitt-Robins, prominent in development of aircraft refueling 
hose, makes many rubber products for the aircraft and missile 
industries. These components are fabricated using all elasto- 
mers, including silicones by themselves or with various fabric or 
metal reinforcements. : 

Specialists in our Aircraft Products Department can help you 
put today’s new silicone and rubber compounds to best use in 
aircraft, missiles, and rockets. For information, service, or your 
copy of comprehensive Product Bulletins, contact your local 


H-R representative, or Hewitt-Robins, Stamford, Connecticut. 
Ask for Bulletin 5-23 


CONVEYOR BELTING AND IDLERS...POWER TRANSMISSION DRIVES 
INDUSTRIAL HOSE... VIBRATING CONVEYORS, SCREENS & SHAKEOUTS 


Write in No. 451 on Reader Service Card at start of Product. Preview Section 
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ORTHICON TUBE 
is very rugged 


Extreme environmental conditions 
of shock, vibration, temperature and 
humidity will not adversely affect-the 
WL-7198 image orthicon tube, says 
Westinghouse Electronic Tube Div., 
Dept. S/A, P. O. Box 284, Elmira, 
N. Y. It operates over a vibration 
range of 10-g acceleration up ta 
500 cps and 80-g shock does not 
impair subsequent tube performance. 

The tube provides at least 250 lines 


horizontal resolution with .0008 ft-c 


illumination on its photocathode. Hor- 
~izontal resolution at five-g accelera- 
tion, from 50 to 500 cps, is at least 
850 lines with .03-ft-c illumination. 
Write in No. 479 on Reader Service Card 


THERMAL SWITCH 
is very small 


One hundred of the smallest of 
these chemical-type thermal switches, 
which have a five-amp rating, weigh 
less than one oz, says MiniTec, Dept. 
S/A, 5423 Delaware Ave., Los An- 
geles 41, Calif. The normally-open, 
non-repetitive MiniTherm is available 
with various switching temperatures 
between 150 and 500 deg F. 

One switched, the device holds a/ 
closed circuit regardless of tempera- 
ture changes. It is accurate to +2 
per cent and will withstand extreme 
shock, vibration, and temperatures 
down to —65 deg F. 

Write in No. 480 on Reader Service Card 


TRANSFER PUMP 
handles liquid fluorine 


A transfer pump with an extensive 
alarm system and damage isolation 
provisions has been designed for liq- 
uid fluorine handling to permit max- 
imum testing with a minimum of 
hardware hazard, says Aerojet-Gen- 
eral Corp., Dept. S/A, Azusa, Calif. 
The pump, part of a system that in- 
cludes commercially available throttle 
‘and shutoff valves and a tankage 
pressurization system, will deliver 
1000 gpm at a pressure rise of 150 
psi. 

Pump efficiency is about 55 per 
cent—somewhat lower than pumps 
of equal speed, because of the large 
internal clearances used. At maxi- 
mum flow, the pump will increase 
the fluorine’s temperature by less than 
one degree. 

Write in No. 481 on Reader Service Card 
more on page 198 
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~ USE MIDWAY INSTRUMENTS FOR TRAINING RELIABILITY 


Accuracy is important in Simulator Instruments too. The tough problems thrown at a jet pilot trainee when he’s 
“flying” a flight simulator call for swift, efficient corrective action. His simulator instruments must indicate the 
problem accurately and reflect instantly and precisely his remedial procedure. 


With the high degree of automated electronic flight, characteristic of the new commercial jets, it is all the more 
important that the simulator is the place where the new jet pilot learns to respect, and live by, his instruments. 


| ABOUT MIDWAY 
EXPERIENCE ... Midway has designed and produced hundreds of different types of simulator 


FACILITIES . . . Its modern air-conditioned plant, engineers and craftsmen are capable of producing to your particular 
quantity and design needs .. . from a single prototype unit to a full production run, 


*Midway is also uniquely equipped to perform specialized services in en- 
' gineering design, prototype development, and production of custom pre- (MIDWAY) 
cision instruments for other applications. —_ 


MIDWAY AIRCRAFT INSTRUMENT CORPORATION / 185 BERGER STREET / WOOD-RIDGE | NEW JERSEY 
Write in No. 452 on Reader Service Card at start of Product Preview Section 


instruments which are helping to train new pilots for the Boeing 107, Convair 880, DC-8, and Lockheed Electra. 
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TELEMETERING,, | SONAR 
! | 
I 
! 


| 
| 


Sew 


AIRBORNE 
GUNDANGE RADAR 


TELEMETERING... SONAR... 
MISSILE GUIDANCE... AIRBORNE RADAR 


If you. have had two or more years 
experience in Circuit Design in 
Telemetering, Sonar, Missile Guid- 
ance or Airborne Radar...and are 
interested in moving to a perma- 
nent, well paying position in South- 
ern California — 


Please write W. C. Walker your qualifica- 
tions or fill in the coupon and mail today. 


W. C. Walker, Engineering Employment Manager 
Bendix-Pacific, Bendix Aviation Corporation 
11630 Sherman Way, North Hollywood, Calif. 


| am interested in 
| am a graduate engineer with 


Engineering. 


degree and years experience, 
Name 
Address 
City Zone __ State 


Check Employment Inquiry Form on Page 155 
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PRODUCT PREVIEW 


EXPLOSIVE BOLTS 
for missile environment 


Lightweight, compact, reliable ex- 
plosive bolts that have been tested 
under rugged environmental condi- 
tions are suitable for missile launcher 
release, multistage separation, nose 
cone separation, wing tank jettisoning, 
and like uses, says McCormick Selph 
Associates, Dept. §/A, Hollister, Calif. 
The devices are special or standard 
bolts with provisions for an integral 
or separately installed charge. 

Arming takes place after bolt in- 


stallation. The point of bolt separation , 


or failure is reported to be very ac- 
curately controlled. 
cartridges are available in fragment- 
ing and non-fragmenting design. 
Write in No. 482 on Reader Service Card 


CONTAINER 
holds refueling gear 


Light weight and resistance to 
impact damage are featured in a 
fiberglass laminate storage and_air- 
shipment container for air-to-air re- 
fueling accessories, says Harco Con- 
tainer Divy., Harbor Boat Building 


Co., Dept. S/A, Terminal Island, 
Calif. The 65-lb, 37-in.-diameter con- 
tainer is: designed for packaging 
drogues, hoses, and adapter fittings. 
A quick-release V-band is used to 
hold together the two halves of the 

container. 
Write in No. 483 on Reader Service Card 


SPECTRUM ANALYZER 
uses third-octave filters 


True rms and average and peak 
readout can be switch-selected on 
this 14-octave type audio frequency 
spectrum analyzer, says B&K Instru- 
ments, Inc., Dept. S/A, 3044 W. 
106th St. Cleveland, O. Center 
frequencies range from 40 to 82,000 
cps, with additional low range filters 
available. 

Characteristics of the 30 filters in- 
clude: tops flat within +% db; steep 
sides with maximum slope of 120 db 
per octave; and skirt selectivity 
greater than 50 db per octave. The 
Model 2110 analyzer can be used 
with the Model 2304 level recorder 
for an automatic spectrum analysis 
plot on a frequency-amplitude-cali- 
brated chart. 


Write in No. 484 on Reader Service Card 
more on page 202 


PNEUMATIC, FUEL 
_ COMPONENTS 


Bolts and_ bolt 


Write in No, 453 on Readat Service Car« 
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“TORQUE WRENCH’ 


for HYDRAULIC, 


Mc 2004-20 COMPRESSOR 


“as our many other products, can 


be adapted to your particular 


-need while retaining the Relia- 


bility built in by us through de- 
sign, processing, production, final. 
ay all heat and delivery. 


_ MFG. CO. 


P.O, Box 126 
. reer ORION, MICH. 


MANUAL 


<orrt? 
encore 


SEN 
UPON weQunse 


Formulas 
Applications 
Engineering Data 
Screw Torque Data 
Adapter Problems 
General Principles 


Write in No. 454 on Reader Service Card 
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TRIAL BY FIRE FOR HIGH TEMPERATURE BEARINGS 


Part of the bearing development program at Torrington 
is this “torture chamber” in which jet afterburner and 
other high temperature operations are simulated. 

Here Torrington bearings first met the test of suc- 
cessful operation at temperatures of 800° F. These high 
temperature bearings are today being produced by the 
thousands for the aircraft industry. 

Meanwhile, Torrington continues to cooperate with 


industry in testing new bearing designs and materials 
at 1000° F, 1200° F and beyond. On the basis of ex- 
perience and working knowledge already gained, we are 
confident of developing bearings that will perform suc- 
cessfully at these elevated temperatures. 

Developments in high temperature bearings are only 
one part of Torrington’s continuing effort to improve 
bearings in design, material and performance. 


'THE TORRINGTON COMPANY 


Torrington, Conn. * South Bend 21, Ind. 
Visit Torrington ° Design Engineering Show -¢ Philadelphia ° May 25-28 
RESEARCH FOR PROGRESS IN BEARING DESIGN AND PERFORMANCE 
df : Write in No. 31 on Reader Service Card at start of Product Preview Section 
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STRATOS DIVISION-FAIRCHILD ENGINE & AIRPLANE CORP. GEA 120-1 Cc. G. HOKANSON COMPANY MODEL 798 


AIR VALVES —A wide variety of electrically and pneu- 
matically operated air valves for temperature and pressure- 
control applications, Butterfly, check, poppet, ‘slide,* and 
automatic drain types. 
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SOLAR T-41M-9 


AMERICAN AIR FILTER CO. ‘DEFENSE PRODUCTS DIVISION C-10 


ACTUATORS — Rotary and linear types featuring a wide range of gear rec 
switching and mounting details. Available either as standard units or special 
to fit*various-applications. Designed to applicable military specifications. 


SPACE/AERONAUTICS 


systems are employed. 


} Shea 
MPERATURE CONTROL. AND: 
SITIONING SYSTEMS — Electronic, mag- 


ic amplifier, transistor, or relay-controlled 
tems designed to meet your requirements. 


po { 


BARBER- 


Barber-Colman ground support 


TRANSDUCERS AND 
THERMOSTATS — Units for sensing 
compartment, duct, windshield tempera- 
tures. CEDAC system senses, controls 
temperature and/or airflow in ducts. 


of ground carts and auxiliary power units 


Today’s highly advanced air and space vehicles call for an ever-increasing array of 
support equipment — either as preflight air conditioning units or in-flight auxiliary power 
sources. On many of these, such as shown here, Barber-Colman temperature control 


For these systems, components such as control boxes, actuators, valves, temperature 
sensing elements, thermostats — are furnished by Barber-Colman Company. 
The systems are specifically engineered for each application by engineers of the unit 
manufacturer and Barber-Colman. 


For help on your ground support control projects, consult the Barber-Colman 
engineering sales office nearest you: Los Angeles, Seattle, Ft. Worth, New York, Boston, 
Baltimore, Rockford, Montreal. 


TEST EQUIPMENT — Compact electrical 
test units for quickly checking all components 
of a Barber-Colman control system installed’ 
in an aircraft, Special units for checking’ 
many electrical systems. 


Write in No. 32 on Reader Service Card at start of Product Preview Section 


temperature controls chosen by leading makers 


Typical functions of Barber-Colman controls in ground support units include controlling 
temperature of missile guidance compartments and shrouds .. . controlling 
temperature of missile measurements compartments ... controlling preflight cabin 
temperature of jet tankers .. . and many similar precision applications. 


COLMAN COMPANY 


Depi. Q, 1423 Rock St., Rockford, Illinois 


Aircraft Controls * Electrical Components * Small Motors * Automatic Controls * Industrial Instruments * Air Distribution 
Products * Overdoors and Operators * Molded Products * Metal Cutting Tools * Machine Tools * Textile Machinery 


USE THIS NEW KIND OF 
DIAMOND 
CUT-OFF -EL 


Gives narrower, smoother cuts on 
industry’s toughest materials 


.-. yet prices start at only $32.25 


Now...at production prices... DIATRONIC gives 
you a rim width of .006” that’s accurate to a maxi- 
mum total tolerance of .0005”— or your money back. 
This accuracy is built in by a new process. No 
break-in needed. New narrow cut reduces sawdust 
loss 30%. A must for $3,000-a-pound silicon or ger- 
manium crystal. Cuts tungsten carbide, corundum, 
aluminum oxide, glass...practically anything. 
Stock orders shipped in hours; special wheels avail- 
able. Write for literature, price list. 


Another invention marketed by 
_ NAVAN PRODUCTS, INC. 
Subsidiary of North American Aviation, Inc. 


Dept. 172, International Airport, Los Angeles 45, Cal. 


NV : 
she TRONIC* DIAMOND WHEELS 


“with built-in tolerance” TRADEMARK 


PRODUCT PREVIEW 


CHECK VALVE 
for acceleration forces 


This open valve which is sensitive only to acceleration| 
forces, will close between one and three g within .15 sec, 
according to Aero Supply Mfg. Co., Inc., Dept. S/A, Corry, 
Pa. The device prevents tank pressure build-up during’ 
catapult take-off or, slightly modified, can prevent pressure 
buildup during arrested landings. 

The check valve is said to eliminate the need for multi- 
ple tanks and attendant valves and pumps in many ap- 
plications. It is adaptable for horizontal or vertical installa-: 
tion, with sensitivity to either vertical or horizontal’ 
acceleration. It is 5x4%x8 in. wide and it weighs .65 lb. 

Write in No. 105 on Reader Service Card 


ers PLATE NUT 
—.~__ solves replacement problem 


A unique plate-nut assembly that has a replaceable ele- 
ment containing the thread makes plate-nut changing a 
simple, almost effortless procedure, according to Nutt-Shel 
Co., Dept. S/A, 811 Airway, Glendale 1, Calif. The 
Timesaver nut and shell unit eliminates the need for con- 
ventional replacement operations such as drilling, nut relo- 
cation and riveting. 

The nut has two lugs, which hold it in its retainer 
shell, Removal is accomplished with a small, pry-type tool 
and replacement requires the aid of a screw driver for 
the proper snap-in procedure. The entire operation is said 
to take only five sec. The nut, which is particularly useful 
for the more inaccessible areas, does not sacrifice perform- 
ance, weight or function, and cost compares with conven- 
tional units. Nine types of the self-locking nut are made. 

Write in No, 106 on Reader Service Card 
more on page 206 


TELEFLIGHT: 
NEW MODEL 180 


One of the first and most satisfactory of all Pressure Transducers, the Taber Teleflight 
has now been reengineered to a weight of LESS than 10 ozs. Its BONDED STRAIN 
GAGE construction makes it almost completely insensitive to vibration and shock. 
Its INFINITE RESOLUTION makes possible measurement of feather-light pressures. 
Can be used with Taber Indicator (shown below) or standard recorders and con- 

trollers to measure liquid or gaseous pressures. Handles extremely corrosive 
media, including fuming NITRIC ACID, Pressure ranges: 0-750 or 0- 1,000 
PSIA or PSIG with overload of 100%, Linearity 0.3%, Hysteresis 0.25% of 
F.S. at any given point, Ambient Temperature -65° F. to +250° F. (18° C 

to) 121°-C), 


For ground testing, the Teledyne Models 176, 206 and 217 with pressure 
ranges from 0-100 up to 0- 10,000 PSIG have long been favored by’ q 
rocket and missile men, | 


WRITE FOR LITERATURE 


TABER INSTRUMENT CORPORATION 


Section 36 107 Goundry St., North Tonawanda, N. Y. 
Telephone: LUdlow 8900 TWX -TON 277 


Ble NN NN 


Write in No. 33 on Reader Service Card at start of Product Preview Section 
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WE SHRUNK EVERYTHING...EXCEPT PERFORMANCE 


Now you can save up to 50% in piping costs in high-pressure 
applications—with this new smaller and lighter flange 


Now, for the first time, the long-standing problem of how to fit heavy and bulky flanges into the 
complex configurations of today’s high-pressure piping systems has been solved. Equally impor- 
tant, this new stainless steel flange by Accessory Products actually handles pressures equivalent 
to those being handled by standard ASA flanges...at a tremendous saving in cost! 


Available in line sizes from 1/4 inch through 2 inches, priced from $30 to $65—your choice of weld- 
neck, male pipe thread special high-pressure male adapters, and blind flanges. These flanges pro- 
vide the ultimate in low-cost, compact, and reliable connectors for all high-pressure piping appli- 
cations. For the complete story and specifications to meet your piping needs, write for Design 
Bulletin DB-159. Our engineers will be happy to discuss your specific applications. 


APCO ACCESSORY PRODUCTS CORPORATION 
a division of textron corporation /{ 616 West Whittier Blvd., Whittier, Calif. Phone: OXford 3-3747 
Write in No. 34 on Reader Service Card at start of Product Preview Section 
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10,904 graduate engineers and scientists 
with over 133,000 years of experience — 
perform vital tasks at Westinghouse 


SSILE GUIDANCE SYSTEMS. Both ground guidance and terminal guidance systems are designed, developed and produced at Westinghouse. More advanced guic 
tems are now being developed to replace those in production and in actual operation. The latest techniques in radar, infrared, and data processing and displa 
ing applied to all phases of missile guidance by Westinghouse engineers with many years of experience in this field. Air Arm and Electronics Divisions 


BORNE ELECTRONIC SYSTEMS for weapons control, ter- 
avoidance, bombing and navigation, antisubmarine 
fare, missile guidance, bomber defense and other appli- 
ons are designed and manufactured by Westinghouse. 
2 13 Armament Control System, shown above, for the 
y's F4D Douglas Skyray fleet interceptor, is a recent ex- 
le. Air Arm Division 


Write in No. 35 on Reader Service Card at start of Product Preview Section , S Sig 


ries 


PROPULSION. From the design of America’s first turbojet engine in 1941—by 14 pioneering enginee 
Westinghouse—to present-day engines for high-speed aircraft, Westinghouse has kept pace with 
aviation industry's constant demand for increases in engine power and efficiency. Current applica 
include the use of new metals and advanced design features to attain maximum thrust-to-weight r 
higher speed and higher altitude. performance. Jet propulsion engineering reached a new high wh 
recently developed Westinghouse engine met design goals just 11 %2 months after these goals were 
Aviation Gas Turbine Division Zz 


INCED FIELD ENGINEERS are an impor- 
unct to Westinghouse. engineering capa- 


ience and information needed to fully 
Ww equipment, help indoctrinate new 


_and provide technical liaison with the 


ENGINEERING—mating man and the 
is important in electronic equipment 
ontinuing scientific study and research 
inghouse facilitate advantageous appili- 
this concept—from missile analysis to 
lance design—in developing better 
stems. Air Arm Division 


AIRCRAFT ELECTRICAL SYSTEMS. From Jenny to jet, Westinghouse has been producing aircraft electrical equipment 
representing the day’s most advanced state-of-the-art. Systems for today's finest aircraft—including the Boeing 707 
jetliner, Convair B-58 bomber, and North American A3J-1 twin-jet fighter—are Westinghouse designed and developed. 
These systems include the entire a-c power system, control and protective devices, and feature the world's first brushless 
generator ...result of pioneering experience dating back to the first airborne, strut-mounted a-c generator built by 
Westinghouse in 1917. Aircraft Equipment Department 


NUCLEAR ENGINEERING experience is still exceedingly 
uncommon, but Westinghouse probably has more knowledge 
in this very specialized area than any other company in the 
world. Westinghouse has designed and developed more 
nuclear power reactors than anyone else. Its engineers have 
worked in almost every field related to atomic energy. Five 
different commercial reactor designs are now under active 
development. 


ATER IRBM LAUNCHER for the sub- 
ased Polaris missile, shown here during 
g with dummy missile, was de- 
d built by Westinghouse. esign fea- 


sped for this system appear appli-, 
Pag! eee Al gages 18 Paadt SMO rae Pagan OC oR 


UNDERWATER WEAPONS SYSTEMS. Westinghouse engi- 
neers designed the Navy’s first all-electric torpedo in 
1942. Since then, Westinghouse engineers have continued 
work on new and improved underwater systems, to include 
high resolution sonar and a high speed, long range anti- 
submarine torpedo. Technologies involved include hydro- 
dynamics, acoustic systems, servo mechanisms, and guid~- 
ance control. Ordnance Department 


Westinghouse 


DEFENSE PRODUCTS 
1000 CONNECTICUT AVENUE, N.W., WASHINGTON 6, D.C. 


AIR ARM DIVISION 
AVIATION GAS TURBINE DIVISION 
ELECTRONICS DIVISION 
AIRCRAFT EQUIPMENT DEPARTMENT 
ORDNANCE DEPARTMENT 


YOU CAN BE SURE... IF ITS Westinghouse 


What Does a Slide Pin Have to 
Do With the Cost of VACUUM? 


ao 


A rotary piston mechanical pump must have a slide 
pin! And, there’s a dramatic difference in the cost Ppic- 
ture between a precision-built, one-piece KINNEY slide 
pin and one that doesn’t possess the same engineering 
niceties. The performance record of KINNEY High Vac- 
uum Pumps in production service accents the big savings 
in wear, maintenance and downtime of KINNEY one- 
piece slide pin design. Anything less than superior engi- 
neering, quality materials and true craftsmanship just 
does not belong in a critical part of a Vacuum Pump. 
You do not risk this gamble when you buy 


mf ® 


HIGH VACUUM PUMPS 


KINNEY — the top name in High Vacuum — offers the 
broadest selection of Single-Stage, Two-Stage and 
Mechanical Booster Pumps in the world with free air 
displacements from 2 to 5100 cfm. Single-Stage Pumps 
developing pressures of 10 microns* . . . Compound 
Pumps developing pressures of 0.2 micron® and Two- 
Stage Mechanical Booster Pumps developing pressures 
to 0.1 micron*, 


*McLeod Gage 


In addition to the famous 
Kinney Line of High Vac- 
uum Pumps, Kinney also 
offers advanced design 
High Vacuum compo- 
nents and complete 
systems. - 


WRITE ; 
for catalog with data. It's FREE 


KINNEY wee. oivision 


THE NEW YORK AIR BRAKE COMPANY 
3528E WASHINGTON STREET + BOSTON 30 « MASS. 
Please send me latest catalog bulletins on 


( Single-Stage Pumps [J Compound Pumps 
OJ Mechanical Booster Pumpsand [] on 


Name, 
Company. 
Address 
City, Zone. State 
Write in No. 36 on Reader Service Card 
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SMALL ROTARY SWITCH 
A rated at 5 amp 


Designated as M series, this 1% in dia switch can be 
easily adapted to a rotary solenoid for use as a stepping| 
or latching relay. Rated at 5 amps, 208 V dc, 400 cycle 
the switch provides 8 positions. It can be built up to 6 
wafers giving a total of 48 separate circuits. A two wafer 
switch weighs only 8 oz says Mason Elec. Corp, Dept S/A, 
3839 Verdigo Rd., Los Angeles 65, Calif. | 

The unit will withstand 2 to 2000 cps at an acceleration’ 
up to 60 G’s. Contact resistance averages 0.0005 ohms.: 
Switch is explosion-proof under MIL standards, procedure 2.' 

Write in No. 107 on Reader Service Card | 


ae TEST CART| 

Soe ere for missile checkout 
{| 
The Model 9440 hydraulic test cart contributes to mis-| 
sile checkout by simulating the hydraulic power package 
normally used in the missile. The device delivers ten gpm_ 
of oil at pressures up to 3000 psi, and automatic back! 
pressure is provided to within plus or minus one psi, ac- | 
cording to George L. Nankervis Co., Dept. S/A, 15300. 
Fullerton Ave., Detroit 27, Mich. Included in the test cart, 
which is powered by a 15-hp motor, is ten-micron filter . 
equipment for initial flushing of the system components to. 
remove foreign matter. The test cart is mounted on casters. 
Write in No. 108 on Reader Service Card 


AMPLIFIER KLYSTRON 
is six-cavity water-cooled 


This new six-cavity water-cooled amplifier klystron, the 
6K50,000LQ, for use in the 720 to 980 megacycle range, 
delivers ten KW CE power output at ten megacycle band- 
width with a driving power of only five watts and an 
efficiency of 40 percent. At 25 per cent efficiency it is 
effective over a 20 megacycle bandwith, says Eitel-Mc- 
Cullough, Inc., Dept. S/A, San Bueno, Calif. 

This equipment now spans the gap between Florida 
and Cuba, transmitting TV programs simultaneously with 
multi-channel telephone service. 

Write in No. 109 on Reader Service Card 


FERRITE ISOLATORS 
for test equipment 


This series of extremely broad frequency band ferrite 
isolators designed to meet the exceptionally high charac- | 
teristics required for test equipment applications is avail-— 
able in WR-28, WR-42, WR-62, WR-90, WR-112, WR- 
187, WR-187, WR-284' waveguide sizes, says Airton, Inc., 
Dept. S/A, 1096 W. Elizabeth Ave., Linden, N.J. / 

These ferrite isolators provide optimum frequency sta- 
bility of test equipment and measurements during test, and 
extend the life of the RF source by giving a high degree 
of isolation between the RF source and the microwave 
component under test. 

Write in No. 110 on Reader Service Card 


TRANSFORMERS 
for preferred circuits 


This kit of ten Pulsite transformers will facilitate the de- 
sign of blocking oscillators, says Airpax Products Co., Dept. 
S/A, Middle River, Baltimore 20, Md. Included are eight 
oscillator units with turns ratios of 1:1:1 and open-circuit 
primary inductances from 0.08 to 158 mh, and two inter- 
stage units with a 5:1:1 turns ratio. 

The units plug into seven-pin miniature tube sockets. 
They are hermetically sealed, will operate from —55 to 
+105 deg C, and have a power rating of two W. They 


‘can be used in pulse circuits for impedance matching or 


phase inversion, or in linear audio-frequency oscillators. 
Write in No, 111 on Reader Service Card ; 
more on page 209 
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New steels are 
- for Aircraft and Missiles born at 


Armco 


Armco’s high strength-weight ratio stainless 
steels, PH 15-7 Mo, 17-7 PH and 17-4 PH, 
are widely used in our newest missiles, 
fighters, and bombers, and in all the new 
jet-powered commercial airliners. 

They are specified for airframe structures 
and skins, pod assemblies, engine parts, 
accessories and instruments because they 
have a unique combination of properties— 
light-weight strength at temperatures to 
900-1000. F, good corrosion resistance, and 
excellent fabricating characteristics that as- 
sure economical producibility. 

These properties have given designers new 


opportunities to create reliable components 


_ ARMCO PRECIPITATION-HARDENING STAINLESS STEELS . . . that withstand the heat and stresses of jet- 


; propelled flight ... and save weight. 
Used in Today’s Aircraft-- Tomorrow’s aircraft now on drawing 

, boards, will utilize the many 
advantages offered by these spe- 
cial Armco Stainless Steels to 
solve some of the complex prob- 
lems imposed by speeds of Mach 
2 and beyond. 

Consider the design and pro- 
duction possibilities of Armco 
Precipitation-Hardening Stainless Steels for 
the units you are making or designing. Mail 
the coupon for complete information on their 
properties and fabrication. 


Planned for Tomorrow’s 


ARMCO STEEL CORPORATION 

1899 Curtis Street, Middletown, Ohio 

Send me data on these Armco Stainless Steels: 
1 Armco PH 15-7 Mo 

© Armco 17-7 PH 

0 Armco 17-4 PH 


COMPANY ————_____—__—_—————_— 


STREET____———————————————— ee 


CITY. (co), | 


| | 
| | 
| | 
I | 
| | 
| | 
| | 
NAM Be | 
I l 
| | 
| | 
| 

| | 
| I 
! | 


Armco Division » Sheffield Division * The National Supply Company * Armco Drainage & Metal Products, 
Inc. * The Armco International Corporation * Union Wire Rope Corporation * Southwest Steel Products 


THIS IS THE “FIRST FLIGHT’ 

of the new Air Force TI TAN, 

Dereas most powerful weapon and 

our No. 1 challenger in the big-missile| 

/ field. Time: 2/6/59 —4:22 pan. EST, 
The most important thing about 


this moment in history is not 


visible here—and it is this: 


Three years to th 


»< 


Gy from the breaking of ground 
at Martin-Denver, TITAN No. 1 roared 
into the sky. Those 36 months 

saw the creation of the free world’s 
most advanced ballistic missile 
facility—and the development, 


production, testing, delivery and 


launching of the first of an entirely 


new generation of ballistic 
MOM ENT IN H ISTO RY missile weapon systems, forerunner 
of the Global Ballistic Missile. 
TITAN is the 

result of an advanced engineering 
concept—developed by Martin union 
the direction of the Air Force's 
Ballistic Missile Division 

of the Air Research and Development 
Command—which provides the 

most extensive pre-flight testing of 
components, subassemblies and full 
scale missiles ever undertaken. 

This method in 

the TITAN development, 

and in the generations of space 
systems to follow, may well 

be one of the most important single 
factors in speeding America’s 


bid for space supremacy. 
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Martin-Denver 

48 one of the 

seven divisions 

of The Martin Company 

V4 £24 FE °° 7 IG 


BALTIMORE*> DENVER: ORLANDO 


PRODUCT PREVIEW 


TIME DELAY RELAYS 
for military use 


These H series thermal time delay 
relays are designed for airborne, com- 
puter, missile, and other military ap- 
plications to operate under vibration 
from zero to 500 cps at ten g and 
shock up to 50 g. Factory preset from 
three seconds to three minutes, the 
hermetically scaled relay will operate 
at altitudes to 70,000 ft. Ambient 
temperature compensated from—65 to 
125 deg C, says Curtiss-Wright Corp., 
Dept. S/A, Wood-Ridge, N.J. 

The single pole single throw nor- 
mally open or normally closed con- 
tacts are rated at three amperes 120 
volts ac or two amperes 82V dc re- 
sistive loads. 

Write in No. 112 on Reader Service Card 


ADHESIVES 
bond Teflon 


Ray-BOND R-86009 and Ray- 
BOND R-86044 are new adhesives 
that will bond etched Teflon to itself 
or to wood, steel, glass, aluminum, 
ceramics, plastics, or any other mate- 
rial that will bond with an adhesive, 
says Raybestos-Manhattan, Inc., Dept. 
S/A, Bridgeport 2, Conn. Ray-BOND 
R-86009, which offers some flexibility 
in the bond, can be used as a struc- 
tural adhesive at temperatures up to 
120 deg F and as a non-structural 
adhesive up to 250 deg F. 

It has good resistance to water and 
most chemicals. Ray-BOND R-86044, 
which has. excellent resistance to 
acids (except acetic), as well as other 
chemicals, has a 200-deg F limit for 
structural use and 250 deg for non- 
structural. The adhesives consist of 
base and activator, and they may be 
cured at room or elevated tempera- 


tures. 
Write in No. 113 on Reader Service Card 
more on page 212 
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Brush 
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READY NOW FOR 
Sets “2nd GENERATION’ 
SPACE VEHICLES! 


When “second generation” space vehicles 
become operational, the readout of their 
performance will be monitored by Brush 
militarized equipment already in existence. 


For instance, the 100-Channel Operations 
Monitor that will record 100 channels of data 
simultaneously — on a chart 12” wide! 
Complex checkouts are simplified. 


Or 2- and 6-channel systems (including 
oscillograph and amplifier) ...or the combination 
Analog and Sequential Recorder. 


All equipment complies with Mil. F-16400, 
Mil. E-4158, Mil. E-4970 and 
other specifications as required. 


For maximum reliability, equipment utilizes 
fast-response electric writing, proven on 
critical operational sites such as DEW Line, 
Jupiter and Thor checkouts. 


It will pay to get familiar with this equipment 
now — before you are 
confronted with prototype 
design problems. Brush 
engineers are available to 
give you needed details, 
or write us direct. 


brush INSTRUMENTS 


OIVISION OF 


37TH AND PERKINS | CLEVITE | CLEVELAND 14, OHIO 
CORPORATION 


Write in No. 38 on Reader Service Card at start of Product Preview Section 


McGILL 


CaMmRok’ and GUIDEROL 
bearings 


CAMROL 


GUIDEROL 


...add dependability 
sto ground 3...6: 
support equipment _ 


High capacity in limited 
space plus precision accuracy make 
these bearings ideal for use as 
track, guide and support rollers 
in missile and rocket ground sup- 
port equipment. 


CF SERIES CAMROL bearings 
feature an integral stud and heavy 
duty outer race. They eliminate the 
cost of building up improvised bolt 
and roller units and withstand the 


shock of heavy loading. Also avail- . 


able with seals and pre-lubricated. 


GR SERIES GUIDEROL bearings 
provide full complement roller ca- 
pacity with self-guided rollers for 


true-running trouble-free perform-_ 


ance. SG SERIES sealed GUIDEROL 
bearings are also available for ap- 
plications where contamination 
must be sealed out and lubrication 
sealed in. 


For data on the 
complete line of 
McGill Bearings, 
send for Catalog 
No. 52A 


McGILL MFG. CO., INC., Bearing Division 
621 N. Lafayette St., Valparaiso, Indiana 
Write in No. 39 on Reader Service Card 
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PRODUCT PREVIEW 


is oil-cooled 


A valve expected to have 20 to 
30 times the useful life of regular 
solenoids is an improved version of 
the two- and four-way hydraulic di- 
rectional valves used in missile han- 
dling systems, says Vickers, Inc., Dept. 
S/A, 172 E. Aurora St., Waterbury 
20, Conn. Internal temperatures re- 
main at low levels even during heavy- 
duty continuous and rapid operations, 
because the coils are immersed in oil. 

The solenoid is available in seven 
spool types, with a flow range of from 
1.25 to 820 gpm and operating pres- 
sures to 3000 psi. 


_ Write in No. 114 on Reader Service Card 


INERTIA SWITCHES 
have Iong life 


Single-pole, double- or triple-throw 
miniature inertia switches that can be 
actuated by acceleration, deceleration, 
impact, and shock are being made by 
Inertia Switch Div., Safe Lighting, 
Inc., Dept. $/A, 527 Lexington Ave., 
New York 17, N.Y. Acceleration sen- 
sitivity is adjustable from under one 
to over 100 G with an accuracy of 
one per cent. 

Available contact arrangements in- 
clude momentary, latching with me- 
chanical reset, latching with electric 
reset, and latching with negative G 
reset; electric power is required only 
for electrical reset. The normally 
closed switch will open in under one 
msec and is guaranteed for 10,000 
reliable cycles of operation. Weight 
is 1.75 oz; standard length is 1.698 in. 

Write in No. 115 on Reader Service Card 


FILTER ELEMENT 
is replacement unit 


A Micropleat-type filter element 
has been designed as a replacement 
for existing designs of main fuel line 
filters on aircraft such as DC-4, 6 
and 7 models, says Bendix Filter Div., 
Bendix Aviation Corp., Dept. S/A, 
434 W. 12 Mile Rd., Madison Heights, 
Mich. The element has a ten-mu 
rating. 

The filter materials is supported by 
corrosion resistant metal end caps, 
which are gasketed to assure a tizht 
seal, and a perforated metal core. 
The element is 3% in. in dia and 
6% in. long. Pressure differential 
ranges from about 0.01 psi at two- 
gpm flow to 0.8 psi at 10-gpm flow. 

Write in No. 116 on Reader Service Card 
more on page 214 


Ee ee 


SOLENOID 


McGILL 
Aircraft 


needle bearings 


RT SERIES 


NBF SERIES 


..insure performance 
under-aircraft 
specifications 


Full complement needle 
bearing capacity, precision accuracy 
to NAS and AFBMA standards, non- 
separable construction, lightweight 
and high material selection stand- 
ards qualify MCGILL RT, NBF, NBL and 


,NBC bearings for aircraft cam, track, 


and guide roller applications, Sur- 
faces plated as required. 
RT and HRT SERIES—for use when a 


cantilever type stud mounting is re- 
quired. Plating or surface treatment 


and lubrication holes supplied as 


application dictates. 

NBF AND NBL SERIES — for use 
in applications where the bear- 
ing O. D. is unsupported and will 


support rolling loads in cam or 
track support. 


NBC SERIES — for applications 
where bearing O. D. can be sup- 
ported in a housing. Suitable for 
slow rotation and oscillation. 

Consult our Engineering 
Department for Special 


Aircraft bearings built to 
specification — 
Write for free 
Workbook Guide 
to Series and sizes 


McGILL MFG. CO., INC., Bearing Division 
621 N. Lafayette St., Valparaiso, Indiana 
Write in No. 40 on Reader Service Card 
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use LION Quarter-turn FASTENERS 


-The demands of today’s air- One-quarter turn locks the Fastener .. . one-quarter 
borne requirements are met turn opens it. Six head styles and two sizes available. 
by Lion Quarter-turn Fas- Lion .Aviation Fasteners meet MIL-F-5591A (ASG) 
teners. They are accepted as requirements and are CAA approved. 

standard throughout the aircraft industry. They are com- ; 

pletely reliable . . . stand up under the most rugged con- MINIT TODAY FOR TREE CORYOF 

ditions of shear, vibration and tension. SOUTHCO FASTENER HANDBOOK 

Smooth positive action is assured by the swaged- Contains complete engineering. data on {nse 


= is Lion Quarter-turn Fasteners: and many t””"" | 
nose stud on Lion Quarter-turn Fasteners. There are no ilies ugesinlkaeieness -Write-tot 


milled sections, inserts or cross pins; no potential points SOUTHCO DIVISION, South Chester 
of failure. No wire spring is required to hold the Fas- ee 253 Industrial Highway, 


tener in locked position. 


FASTENERS 


one of the 


FASTENERS 


MISSILES CIVILIAN MILIVARY = COMMERCIAL 
Write in No. 41 on Reader Service Card at start of Product Preview Section 
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May 1959 


‘Thermal 
Stability 


Jow noige 


low-noise, low-thermal 
Syncroverter* choppers 


Tn solving the above equation, Bristol has 

paved the way for new advances in low level switching. 
New performance standards are being 

established by these latest models of the external coil 
Syncroverter chopper. 

For complete specifications, write: 

Aircraft Components Division, The Bristol Co., 

150 Bristol Road, Waterbury 20, Conn. 


"7. M. Reg. U.S. Pat. Of. e.1 


BRISTOL FINE PRECISION INSTRUMENTS 
FOR SEVENTY YEARS 
Write in No. 42 on Reader Service Card 


214 


PRODUCT PREVIEW 


The Avion Type 525 Encoder is an all-electronic con-} 
version of analog input data to digital output voltages. 
Particular emphasis is placed upon accuracy and resolution, } 
says Avion Diy., ACF Industries, Inc., Dept. S/A, 11 Park 
Place, Paramus, N.J. | 

The encoder is said to make possible the use of versatile 
noise-free digital transmission and computing techniques | 
to a greater degree of accuracy than heretofore possible. 
When used in combination with an Avion decoder, it be- 
comes: possible to solve problems in telemetering, analog 
computation, digital computation, PCM, and many other 
data processing’ applications. 

Write in No-117 on Reader Service Card 


SYNCHRO TRANSMITTERS 
are linear 


These components, dimensionally identical to Type R | 
900 Series synchros, are highly linear induction potentio- — 
meters which provide accurate linear indication of shaft 
rotation. says Kearfott Co., Inc., Dept. S/A, 1378 Main 
Ave., Clifton, N.J. 

The indication is about a reference position in the form | 
of a polarized voltage whose magnitude is proportional to 
angular displacement. Because they are induction type 
devices, no sliders are needed to make electrical contact. 
Accuracy is maintained at the original level throughout 
the operational life and outputs of shaft rotation are linear 
over a range of +6 deg from electrical zero. The units 
may be furnished with either terminals or leads, and with 
special shaft configurations. 

Write in No. 118 on Reader Service Card 


SANDWICH CORE 
is very strong 


A honeycomb sandwich core structural material for 
aircraft and missiles, called Conocomb, has an extremely 
high strength-weight ratio, along with high rigidity, ex- 
cellent insulating properties, superior durability, and high 
resistance to fire, says Flexible Packaging Diy., Continental 
Can Co., Dept. S/A, Mount Veron, 0. There are three 
types of Conocomb—fiberglass, kraft paper, and asbestos, 
and they have been used in airplane furnishings, interior 
walls, wings, radomes, missile fins, engine shelters, and 
other applications. 

Fiberglass Conocomb is available in polyester, Nylon 
phenolic, and high-temperature phenolic types, and in 
three cell sizes. The kraft type comes expanded or un- 
expanded, impregnated or unimpregnated and it may be 
obtained in varying cell sizes and weights. 

Write in No. 119 on Reader Service Card 


POTENTIOMETER 
is sub-miniature 


Model 1410 is a 1 watt, 200 to 25000 ohm potentiometer, 
The shaft, front bushing and bearing are manufactured 
from corrosion resistant Nickel Silver. The unit will with- 
stand accelerations up to 50 G’s in: three planes without 
electrical or mechanical damage and without wiper devia- 
tion from a set mechanical angle says S. A. Asquith Co., 
Dept. S/A, 427 W. Chevy Chase Drive, Glendale 4, Calif. 

Wiping contacts are made from noble metal laminates. 
Bearings are provided front and rear and the shaft and 
wiper are electrically isolated. The stop mechanism is 
associated only with the shaft, permitting rotational accu- 
racy. Stop strength is better than 8 in.-lbs. The unit will 
meet specifications JAN-R-19, JAN-P-18, JAN-P-79, JAN- 
R-382, and MIL-E-5400. 

Write in No. 120 on Reader Service Card 
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If It’s A Military 


Ground Handling 


'Problem, Fruehauf 


. 
- 


h 


ee 


May, 1959 
Bera nit. 


Can Handle It! 


Experience and facilities are both at your 
command when you enlist Fruehauf’s 
assistance in the ground handling portion 
of your military equipment contract. 


Fruehauf’s unparalleled experience 
has been gained over a number of years 
on an almost staggering number and 
variety of ground handling projects. These 
include research, design, and production 
of containers or transporters for many 
types of missiles . . . of numerous missile 
launchers . . . missile guidance shelters 
. . . shelters for radar and electronic 
equipment . . . specialized tank-trailers 
for military fuels... powder haul vans... 
mobile containers for materials and sup- 
plies .. . and over 400 different types of 
other military vehicles. 


= 


| ;RUEHAUF IS active in | IDEAS ano PRODUCTS | ror perense 


Fruehauf’s unexcelled facilities include 
modern, diversified manufacturing plants 
all across the nation, with automated 
production lines and some of the most 
modern precision machinery to be found 
anywhere in the country today. Facilities 
also include extensive research and en- 
gineering staffs totally devoted to collab- 
oration on ground handling designs and 
projects with prime contractors every- 
where. 


Fruehauf’s long history as a leading 
trailer manufacturer has undoubtedly 
given impetus to its growth as an im- 
portant source of ground handling assist- 
ance. Whatever the nature of your con- 
tract, if it contains a ground handling 
problem by all means consult Fruehauf. 


a ne 
MILITARY EQUIPMENT DIVISION 


SS 


FRUEHAUF TRAILER COMPANY 


10942 Harper Avenue, Detroit 32 ¢ 5137 South Boyle Avenue, Los Angeles 58 


Write in No. 43 on Reader Service Card at start of Product Preview Section 
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RESISTANCE-TYPE 
TRANSDUCERS 

STRAIN GAGES 

ACCELEROMETERS 


Now for the first time you 
can have the dependability and 
ease of operation of an elec- 
tronic power supply plus the 
isolation normally obtained 
only from a battery, The 
Moeller Model 21 Power Sup- 
ply exclusively provides ab- 
solute isolation from line volt- 
age and line ground. 

The Model 21 provides 
0-20 volts, 1 amp of power for 
strain gages and resistance-type 
transducers. This transistorized 


instrument gives improved per- 


formance with existing single- 
ended and differential ampli- 
fiers and offers voltage regula- 
tion, internal impedance, ripple 
and stability equal to, or supe- 
rior to, conventional transducer 
power supplies. 


Write for descriptive literature. 


MOELLER 


INSTRUMENT Co. 


ELECTRONICS DIVISION 


132nd Street & 89th Avenue 
Richmond Hill 18, N. Y. 


Write in No. 44 on Reader Service Card 
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PRODUCT PREVIEW 


CONTROLLER 
corrects thrust pressure 


Errors in thrust chamber pressure 
in liquid propellant. rocket engines 
can be detected and corrected with 
this new hydromechanical controller, 
according to Bendix Products Div., 
Bendix Aviation Corp., Dept. S/A, 
South Bend 20, Ind. The device op- 
erates by producing a rate of change 
in the position of an actuator, which 
can be used to. govern the flow of 
propellant to gas generator and of 
hot gas from generator to turbine. 

Other’ major components of the 
controller include a ‘two-stage pres- 
sure regulator for obtaining an ac- 
curate reference and a pneumatic 
phase-lead device for obtaining a 
damping signal proportional to the 
rate of change in thrust chamber 
pressure. A torque motor permits 
engine thrust’ level to change as a 
function of a remote electric control 
signal. 

Write in No. 12] on Reader Service Card 


PANCAKE SYNCHROS 
are very accurate 


These synchros and resolvers, de- 
signed for applications—such as iner- 
tial guidance systems—where a pan- 
cake configuration is necessary, fea- 
ture accuracies down to five min., 
says Luther Mfg. Co., Dept. S/A, 
7312 Varna St., North Hollywood, 
Calif. They are available in sizes 20 
and 27. 

Electric properties can be designed 
to meet specific applications or to 
match standard components for ac- 
curacy voltage gradient, and im- 
pedances. 


Write in No. 122 on Reader Service Card 
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Reduce Installation Costs 


of Thermocouple 


Extensions 


You can now install 6 to 56 pairs of 
thermocouple leads at one time with 
“Thermo-Cable,”. T-E’s new multi-con- 
ductor extension cable. Installed in con- 
duit, ““Thermo-Cable” reduces costs by 
eliminating the need to pull individual 
conductors—and permits the use of small- 
er conduit for the same number of leads. 
“Thermo-Cable”’ can also be installed with- 
out conduit, in open troughs or in raceways. 


“Thermo-Cable’s’’ smooth, polyvinyl 
chloride outer jacket resists moisture, 


Thermo Electric CO., INC. 


SADDLE BROOK, NEW JERSEY 


THERMO-CABLE 


heat, abrasion and chemical action—and 
slips easily through conduit. ISA color 
coded, individual conductors are also in- 
sulated in hi-temp (221°F.) polyvinyl 
chloride—and the conductor bundle is 
wrapped in aluminum-backed Mylar tape 
for electrostatic shielding. Pairs are num- 
bered alike and lie next to each other. 
“Thermo-Cable” is available in 6, 14, 18, 
25, 39 or 56 pairs and comes in all stand- 
ard thermocouple materials. 


Write For Wire Section 33-A 


In Canada: 


THERMO ELECTRIC (Canada) LTD., 
Brampton, Ont. 


Write in No. 45 on Reader Service Card at start of Product Preview Section 
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thoroughly competent departments—Research, Engineering and Manufacturing—equal one complete systems 
apability. The Mechanical Division of General Mills is your single source for technical problem-solving! 


Left—Dr. John Barkley, Director of Research, heads the department that 


~ moves from hypotheses to facts, clarifying the present, probing the future, 


recording findings for comparison and evaluation. 

Center—Dr. Howard Baller, Director of Engineering. His department gives 
substance to ideas, showing how these ideas can be converted into practical 
military and industrial products. 

Right— Kenneth J. Carlson, Director of Manufacturing, and his men trans- 


form theories and designs into physical realities, utilizing the skills of all 
three departments to meet every production requirement—on schedule! 


_ Mechanical Division teamwork plays a vital role in all our current activities, including: 


Search and Track Systems (infrared optics, visual optics, radar, antennas, slave platforms) 
Guidance and Navigation Systems (computers, and inertial or navigational platforms) Under- 


water Ordnance Weapons (torpedoes, depth charges and related mechanisms) and Missile Sub- 


Systems (mechanical, electro-mechanical or electronic controls). For complete details, address 
inquiries to: Dept. AW-12, 
General 


MECHANICAL DIVISION | Mills 


1620 Central Avenue, Minneapolis 13, Minnesota 


> 


To wider worlds—through intensive reséarch creative engineering * precision manufacturing 


Write in No. 46 on Reader Service, Card,at start of Product Preview Section 


COMPANY 


THE RAW MATERIALS OF PROGRESS q 


KEL-F’ O-SEALS COLLAR ROCKET 


A rocket’s fueling system is its lifeline. That’s why Parker 
Seal Company, a division of Parker-Hannifin Corporation, 


has chosen KEL-F Brand Halofluorocarbon Elastomer 


5500 for the sealing element (arrow) in its Gask-O-Seals 
to withstand RFNA and WFNA. Parker also provides 
O-Rings of this material for many types of service. 


KEL-F Elastomer’s remarkable chemical and thermal 
stability makes it ideal for use with JP4 and JP5 fuels at 
temperatures as high as 400°F. It’s effective, too, with 
90% hydrogen peroxide, from —40°F. to 165°F. And the 


LEE ES. 
JMiinnesora Tiinine AND Manu racrurine COMPANY ta NN 


«++ WHERE RESEARCH IS THE KEY TO TOMORROW WN 


Elastomer works wonders with hot lubricants. 


Look to KEL-F Brand Plastics, also, to improve your 
product’s design and performance. They exhibit zero 
moisture absorption, high dimensional stability, virtually 
no cold flow. They have excellent electrical and mechanical 
properties as well. Investigate both KEL-F Plastics and 
Elastomers and these other 3M Chemicals for the aircraft 
and missiles field: KEL-F Molding Powders, Dispersions 
and Fluids, Fluorochemical Inert Liquids and other 
specialty chemicals. 


CHEMICAL DIVISION 


y 
Lx 
Ss given 


Write in No. 47 on Reader Service Card at start of Product Preview Section 
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PRODUCT PREVIEW 


work in'the fields of the future at NAA 


RECORDER 
has fast start 


A start and stop time of under 30 
msec, frequency response to 130 kc, 
and a four-V rms output into 180 
ohms are major features of the Model 
707 telemetering-ground station in- 
strumentation tape recorder, says Mid- 
western Instruments, Dept. S/A, P.O. 
Box 7186, Tulsa, Okla. The 
Magnecord units are available in %4- 
%-, and one-inch tape models, with 
two, seven and fourteen tracks, re- 
spectively, and in many speeds. 

Plug-in modules provide direct 
analog, PDM and FM recording. 

Write in No. 123 on Reader Service Card 


STATIC INVERTER 
has no moving parts 


DYNAMICS 
ENGINEERS 


Immediate openings for vibra- 
tion, flutter, and dynamic anal- 
ysis engineers to work on the 
most advanced weapon systems 
—such as the B-70, the F-108, 
and the X-15, first manned 
space ship. 


A background in AE, ME, or 
other applicable experience is 
necessary. Qualified vibration 
engineers will calculate and 
measure vibration levels for 
consulting on procedures to 


‘VITAL ROLE of KEL-F Plastic in air- 
craft and missiles applications is repre- 
sented by these relay coil forms, 
produced by American Molded Prod- 
ucts Co., Chicago, Ill. Thecombination 
of characteristics in the Plastic makes 
these parts more than a match for 
missiles requirements. The Plastic per- 
forms without softening or warping 
over extreme temperatures, ranging 
‘from —320° to +390° F. It has ex- 
_ceptional dimensional stability, zero 
‘moisture absorption, high dielectric 
strength. Tough, workable KEL-F 
Plastic also exhibits remarkable 


Model W-13847 static inverter co- 
verts de to ac without moving parts. 
The 400-cps output frequency is reg- 
ulated to + 1 cycle. Output voltage— 
nominnally 115 V-is regulated to +2 
per cent says Electrosolid Corp., 
Dept. S/A, 13745. Saticoy St., Pan- 
orama City, Calif. 

No special cooling is required. The 
three-phase static inverter, which con- 
tains both germanium and silicon 
transistors, can be mounted on insu- 


chemical stability. 


FUELS 


lation material in remote spots. Input 
voltage can vary from zero to 40 V 
de. The output circuit will sustain di- 
rect short circuits and will recover to 
full normal operation in 10 milli- 
seconds after short removal. The 100- 
va unit measures 8% x 7 x 11% in. 
and weighs only seven pounds. 

Write in No. 124 on Reader Service Card 


CLIP 


insure crew comfort and work 
out vibration environment prob- 
lems on equipment of. particu- 
lar airframes. The flutter and 
dynamic analysis engineers will 
evaluate flutter characteristics, 
including servo systems, of par- 
ticular airframes by analytical 
techniques and by the use of 


dynamic models, and conduct 
other studies relating to gust 
penetration, landing, and taxi 
conditions. 


mounts capacitors 


Kap-klip is a non-metallic clip de- 
signed for mounting Fansteel-type PP, 
HP, and VP tantalum capacitors on 

_ circuit boards. It is available in Nylon 
and Kel F materials, the former for a 
range of 50 to +125 deg C and the 
latter for —55 to +150 deg C, says 
Slug Bit Supply Co., Dept. S/A, 
9745-A Hines Blvd., Dallas 25, Texas. 

The device allows faster and easier a | 


SEE WHAT 3M CHEMICALS CAN DO FOR YoU! 
For free literature, write on your 
company letterhead, specifying your 
area of interest, 
to 3M Chemical 
Division, Dept. 
WG-59, St. Paul 
6, Minnesota. 


For more information please 
write to: Mr. P. E. Stevenson, 
Engineering Personnel, North 
American Aviation, Inc., Los 
Angeles 45, California. 


assembly of leads, and it insulates 90 Ci Nac a ale melind abhi 


t of the capacitors from other 
Sea ceomocrent. It has held ca- NORTH 
pacitors under a vibration of +20 g’s, AME RIC AN 
AVIATION, INC. 


3M CHEMICAL DIVISION, MANUFACTURERS OF: 
Acids + Resins + Elastomers + Plastics 
+ Oils, Waxes and Greases + Dispersion 
Coatings + Functional Fluorochemicals 


- Surfactants and Inert Liquids Check Employment Inquiry Form Page 155 
May 1959 219 


Og ‘<> 


over the frequency range of five to 
2000 cps. 

Write in No. 125 on Reader Service Card 
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™NO-COST ore 


has CONVINCED thousands 


.. send for YOUR FREE 
“TEST CAN” of C-5 “hi-temp” 
ANTI-SEIZE THREAD COMPOUND! 


For one hunderd and one air- 
craff uses such as slip joints, spark 
plugs, manifold studs, turbo blowers, 
jet engines, etc. 


Try C-5 and see why leading 
aircraft manufacturers — and thou- 
sands of industrial users have made it 
a part of their regular preventative 
maintenance program. 


V Ends Seizing and Galling even up to 1800°F. 
' ¥ Reduces Wrench Torque 

V Ends Stud Breakage 

Vv Permits Repeated Re-use 

Vv Speeds Assembly and Disassembly 


1614-AR V Protects Stainless Steel at all Temperatures 
‘ : ran a a De ‘ 
del at habs. 


| 4 ‘ 1 5 icpnilar metals join. On mating 
C-5's exclusive colloidal cop metal surfaces, C-5 saves gaskets 


per formula separates mating 2nd countless man hours. 
metal threads and surfaces with wpjte TODAY... For Your FREE Test 
cushioning, protective copper plat- Sample Can of C-5. 


ing. C-5 prevents galvanic action FELT PRODUCTS MFG. CO. 
and eliminates pitting even when Dept. 52, P.O. Box 8609 


Chicago 80, Ill. 
Write in No. 48 on Reader Service Card 


AIRCRAFT TYPE 


SWIVEL JOINTS 


LOW TORQUE NEW SELF- 
PLANE ALIGNING 
SWIVEL JOINT— SWIVEL JOINT— 


360° rotation in a Y 360° rotation plus 
single fixed plane. 15° side flexibility. 


BARCO Offers 
Two Standard Types 


Here are the newest designs in the field! SEND 
TODAY FOR BARCO CATALOG 269A. Since 1941 
Barco Swivel Joints and special Flexible Assemblies 
have met the precise requirements of in-flight and 
other types of military equipment . . . conforming 
to MIL-J-5513A and other specifications. Barco’s 
wide experience is yours to call upon in the develop- 
ment of your particular project — aircraft, missile, 
“~~ track vehicle or special installation—for 

| hydraulic, pneumatic, oxygen, fuel, gas or 

| liquid service. Barco Representatives are at 
your service in the specification of standard or 
| specialized adaptations of standard designs. 


1 BARCO MANUFACTURING CO. 
| 575F N. Hough Street @ Barrington, Illinois 


S Serving Industry Since 1908 
Write in No. 49 on Reader Service Card 


PRODUCT PREVIEW 


TITANIUM, 
in foil gages| 
Titanium foil that can be used as aircraft honeycomb) 
material is now being produced from commercially pure 
titanium and some titanium alloys, the latter for the first! 
time, according to Metals & Controls Corp., Dept. S/A,) 
Attleboro, Mass. Profile-rolled “L” shapes have also been) 
produced from the commercially pure. 
All types of commercially pure can be rolled to a mini-’ 
mum thickness of .001 in., and Beta alloys, Type B-120 
VCA, to .002 in. Alpha-Beta and other alloys can be 
rolled to a minimum .003 in., depending on the alloy. All 
types can be annealed. 
Write in-No. 126 on Reader Service Card 
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SILICON RECTIFIERS. 
rated at % amp 


This series of diffused junction silicon rectifiers have 
peak inverse voltage ratings ranging from 50 to 600 volts | 
and can deliver 750 ma de of rectified current at 50 deg C | 
and 250 ma de at 150 deg C says Bendix Aviation Corp., 
Red Bank Div., Dept. S/A, Long Branch, N.J. ; 

The EIA designations for this series are IN536, IN537, 
IN538, IN539, IN540, and IN547. 1 

Write in No. 127 on Reader Service Card 


TRANSISTOR - 
is bilateral 


The outstanding feature of the transistor, type 2N462, | 
is its bilateral characteristics. Possible applications include 


complementing circuits, bi-directional switches, bi-direc- 


tional amplifiers, and phase detetors, says Philco Corp., 
Dept. S/A, Philadelphia, Pa. 

The Philco 2N462 is distinguished by exceptionally high — 
voltage, current, and gain ratings. Maximum collector (or 
emitter) voltage is 40V; maximum collector (or emitter cur- 
rent is 200 ma. De current amplification factor (hr.) is 
typically 45, in either direction. Alpha cutoff frequency is 
0.5 me min, with carefully controlled rise and fall time. 

Write in No. 128.0n Reader Service Card 


POWER SUPPLY 
protects circuits 


The Model SS-2 Safety Supply a de power supply: for _ 
transistor work, protects against overload, current creep, 
overheating, short circuits and other conditions encountered 
experimentally, says Western Apparatus Co., Dept. S/A, 


_ 2001 Greenleaf St., Evanston, Ill. Overload is restricted to 


20 per cent of the selected current, even under short circuit 
conditions 
The laboratory unit provides voltages of six, 12, 18, 24 
and 30 V, with limiting current ranges of one, three, ten 
and 80 ma. Internal impedance is about ten ohms, ad 
RMS ripple is less than O.1 per cent. 
Write in No. 129 on Reader Service Card 


SINE SWITCH 
for high temperatures 


A miniature switch designed to operate continuously at 
temperatures as high as 375 deg F is now available from 
Spencer Thermostat Diy., Metals & Controls Corp., Dept. 
S/A, Attleboro, Mass. Terminations are either screw or 
solder type. 

The KX5 is a high-capacity type capable of withstanding 
severe environmental conditions. Sealing is accomplished 
with the aid of glass and fused ceramic headers. The 
switching element is the Klixon sine blade. Auxiliary leaf, 


-roller and push button actuators providing additional over 


travel are available. 
Write in No. 130 on Reader Service Card 
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IN THE FIELD OF 
“PRECISE POWER’ FOR 
OUR NATION’S ROCKETS 
AND MISSILES PROGRAM 


When you have a power problem . . . and want 
it solved quickly . . . why not draw first on 
the tried and proved experience of Stewart 

& Stevenson Services . . . the world’s largest 
distributor of diesel engines. 


In our Nation’s rockets and missile programs 
... as well as in thousands of commercial 
applications for the petroleum, industrial and 
construction industries . . . Stewart & Stevenson 
experience and “know-how” is paying off in 
dependable day-in-and-day-out performance. 
Call, wire or write today. 


STEWART & STEVENSON 
SERVICES, INC. 


Main Office 4516 Harrisburg Blvd., Houston 11, Texas 
and Plant: Phone CApitol 5-5341 
Branches: Corpus Christi, Dallas, Lubbock, San Juan, 
San Antonio, Beaumont, Odessa 
Representatives: Longview, Brownsville, 
Wichita Falls, Freeport 
Export: Room 1405, 74 Trinity Place, 
New York, N. Y. 


THE WORLD'S LARGEST DISTRIBUTOR 
OF DIESEL ENGINES 


Write in No. 80 on Reader Service Card at start of Product Preview Section 
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Here is a man you should know he’s a 


DELAVAN 
FUEL INJECTOR SPECIALIST 


His name is Robert Ulrich. He’s the Senior Project Engineer 
on Fuel Injector Development with Delavan. He’s been 
with Delavan ten years, and has designed fuel injectors 
which are now standard on many of the world’s most ad- 
vanced jet aircraft and missiles. Men like Bob Ulrich, con- 
centrating their considerable talents to fuel injector devel- 
opment, have made Delavan the world’s largest nozzle. 
specialist. They're the main reasons leading turbo-jet, rocket 
and APU manufacturers rely on Delavan for fuel injection 
problem solving. 


If fluid metering and atomization are part of your product, 
take advantage of Delavan’s specialized experience and 
proven ability to deliver aircraft quality. Send specifications 
to the address below for obligation-free recommendations. 


DEL Fa hl 


West Des Moines, lowa 
World’s largest nozzle specialist 
Write in No. 81 on Reader Service Card 
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_ MACH SWITCH 
in weight-saving design 


A new, force-balance, direct-acting Mach switch uses 
simplified design and construction to achieve a weight sav- 
ing of up to two Ibs over some current Mach switches, says 
Burton Mfg. Co., Dept. S/A, Colorado Ave. & 26th St.; 
Santa Monica, Calif. The switch, which was designed for a 
new highspeed Air Force jet, is about four in. in dia and 
1%in. deep, and it weighs one |b. | 

The rugged instrument can be made to open or close’ 
at selected Mach points up to two Mach. It has an ac-} 
curacy of +2 per cent and is free from contact flutter’ 
under enviornmental conditions. Altitude range of the de- 
vice is 70,000 ft. 


Write in No. 131 on Reader Service Card 


ees. INVERTER. 
pet for airborne components| 


This inverter will supply airborne components with a 
regulated source of 115/200 V, 400 cycles ac, at a 3500-va | 
load, from 27.5 V dc. Voltage and frequency regulation | 
is obtained by a hermetically-sealed, potted, magnetic | 
amplifier regulator, says Western Design & Mfg. Corp., | 
Dept. S/A, Santa Barbara Airport, Goleta, Calif. / 

The Model 433 inverter maintains a + one per cent ex- | 
cursion on frequency and voltage for any combination of, 
load-temperature-input voltage change over a 50 per cent 


load variation, a —65 to +165 deg F ambient temperature | 
range, and a +5 per cent input voltage. The inverter — 
weighs 68 Ibs and is packaged in a pressure-tight canister, 
It is also available in ratings ranging from 1500 to 3500 


va. 
Write in No. 132 on Reader Service Card 


UHF BEAM POWER TUBE 


is forced-air-cooled 


Type RCA—7213 is a forced-air cooled, ultra-high- 
frequency beam power tube with ceramic-metal seals. De- 
igned for use as a” linear radio-frequency power amplifier 
and as a class C r-f power amplifier, the tube has a 
maximum plate dissipation rating of 1500 watts throughout 
the frequency range from 960 to 1215 Mc. says the Radio 
Corp. of America, Dept. S/A, 30 Rockefeller Plaza, New 
York 20, N.Y. ; 

When used under continuous-commercial-service (ces) 
conditions as an r-f power amplifier in class C telegraphy 
service, the maximum plate-input rating is 2500 watts. 
Under these conditions in a grid-drive circuit, the tube 
can deliver useful power output of 13850 watts with a_ 
power gain of 20 at 600 Mc. As a linear power r-f amplifier 
in a single-sideband suppressed carrier service, the tube 
can provide a maximum-signal power output (ces), of 
1250 watts. 

Write in No. 133 on Reader Service Card 


FREQUENCY CONVERTER 
is 85 per cent efficient 


This transistorized Frequency Converter which can be 
supplied with an output frequency of 1200 or 2400 cps, 
consists of a synchronized-transistor square-wave generator 
driving a switching-transistor power output stage. Snynch- 
ronization of the square-wave generator is accomplished by 
injection of a 2400 cycle sinewave synchronizing signal 
across the base resistors of the generator. Synchronizing 
power is obtained by frequency multiplication of the 400 
cycle three phase input. It has an input of 95 W and an 
output of 75 W, says Robertshaw-Fulton Controls Co., 
Dept. S/A, 401 N. Manchester, Anaheim, Calif, 

Low weight and high efficiency of the frequency con- 
verter are said to make it ideal for airborne use. Weighing 


-about 2 Ibs, fully loaded, efficiency is claimed above 85 


per cent. 
Write in No. 134 on Reader Service Card 
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Giant missile components—including rocket motors for the Minuteman—are being heat-treated by Solar in this new furnace. 


New Solar capability for 
giant space age components 


THE LARGEST CONTROLLED atmosphere pit 
furnace in the nation is in operation at 
Solar. Capable of heat-treating and 
brazing assemblies of 9 ft in diameter 
by 30 ft in length, this furnace repre- 
sents an important addition to Solar’s 


advanced weapon systems capability. 
With years of active experience in pro- 
ducing aircraft and missile components 
—and as an industry leader in high- 
temperature technology—Solar is par- 
ticularly qualified to help solve difficult 


ENGINEERS WANTED! Challenging projects, unlimited opportunities with Solar. Write today! 
Write in No. 82 on Reader Service Card at start of Product Preview Section 
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design and fabrication problems. Write 
to Dept.G-113, Solar Aircraft Company, 
San Diego 12, California. 


SAN DIEGO 


AIRCRAFT COMPANY DES MOINES 


ae 


Send for this 
helpful booklet 
covering prop- 


erties and uses 
of Whitelight 
Magnesium . . 


MAGNESIUM 


your comprehensive independent 
mill source of magnesium alloy... 


RODS—\"' dia. to 614" dia. 
BARS, STRIPS—.022” min. to 734” 


ALLOYS max. 
SOLID SHAPES—.022” min. to 614” 
AZAD, circle 
AZ31 TUBING—14" O.D. to 6’ O.D. 
AZ51 HOLLOW SHAPES—)4," to 615” 
AZ61 circle ‘ 
PLATE and SHEET—.092” to 3” thick 
AZ81 (36” and less) 
ZK60 
ZK30 
M-1 
ZK-20 
Anodes 


Your inquiry will receive our 
prompt attention. 


A ate METAL ROLLING 


& STAMPING CORP. 
110 Moultrie St., Brooklyn 22, N. Y. 
Factories: Brooklyn, N.Y., Warsaw, Ind. 
Les Angeles Warehouse: 
6601 Telegraph Rd. 


Write in No. 83 on Reader Service Card 
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GYRO 
has dual-rate design 


Instrument and control ‘package 


space needs can be materially reduced 


through use of a rate gyro that does 
the work of two units, says Humphrey, 
Inc., Dept. S/A, 2805 Canon St., San 
Diego 6, Calif. The R-18 Series gyro 
has one motor to drive two sep- 
arate wheels, making possible rate 
measurements about two different 
axis: two rate ranges about the same 
axis can be covered by the RG-20 
Series. 

A typical RG-18. application could 
be the measurement of both pitch 
and yaw; the RG-20 could assure re- 
quired accuracy in instrumentation 
systems. For example, an RG-20 gyro 
that covers rate ranges’ from zero to 
20 and zero to 200 deg/sec is, in 
effect, expanding the instrumentation 


3 


system’s dynamic range from 100:1 | 
to 500:1. The rate gyros have two in- 
dependent pickoffs and are designed 
to withstand rigorous environmental | 


conditions. 
Write in No. 135 on Reader Service Card 


POWER OSCILLATOR 
has unique circuitry 


Elin Precision Power Oscillators 
may be obtained in the cabinet 
model (DK-102) or rack model (DK- 
102R). When desired, fast conver- 
sion from cabinet model to rack in- 
stallation is made possible with a 
control panel kit which fits standard | 

~~ rack mountings. Precision stability of 
the unit is derived from a High-Q | 
LC tuned circuit and special volt- 
_age-sensitive bridge combined im a 
circuit employing a large amount of 
negative feedback. A feature of the 
oscillator its ability to accommodate 
line voltage variations, says Elee- 
tronics International Co., Dept. S/A, 
145 W. Magnolia Blvd., Burbank, 
Calif. 


put impedance, it is designed espe- 
cially for use where tuning fork fre- 
quency stability, absoltue voltage 
values, extremely low output im- 


pedance, ulta-low distortion and high | 


power capacity are required. 
Write in No, 136 on Reader Service Card 


more on page 229) 


Convenient to the Los Angeles 
Aviation and Electronics Industry 


% Beautiful heated pool 
%& Complimentary Breakfast 
WRITE FOR COLOR BROCHURES 


SKYWAYS HOTEL, L. A. AIRPORT 
HOLLYWOOD-PLAZA HOTEL, HOLLYWOOD 


HOTEL LAGUNA, LAGUNA BEACH 
Bellevue Hotel, San Francisco e Flamingo Hotel, Phoenix 


BEVERLY 
CARLTON 
HOTEL 


9400 W. Olympic Bivd. 
Beverly Hills, Calif. 


Tariff: $8 to $13 Sgl. 
Double slightly higher / 


CAVALIER 
HOTEL 


10724 Wilshire Blvd. 
West Los Angeles, Calif. 


Tariff: $8 to $16 Sgt. 
Double slightly higher 


Both Hotels Feature 


%* TV in every room 


%& No charge for parking 


OTHER LEE HOTEL 


Write in No. 85 on Reader Service Card ; 


SPACE/AERONAUTICS - 


: 


The DK-102 has virtually zero out- 1 


_ HowTo Specify Ground Communications 
: | For a Missile Base 


‘ First, consider the supplier’s experience and reputation. DuKane 

; . Corporation, pioneer in electronic communication systems, has installed 
ma *.; tio ~ ground communication equipment on such bases as White Sands, 
Patrick AFB, and Fort Churchill . .. Second, get help from an expert. 
DuKane’s engineers are ready to help you. They’ve had wide 

' experience in all phases of communications, including giving direct 

ss help to architects and consulting engineers in designing systems 

to meet any combination of needs. . . Third, consider equipment and 

4 flexibility. Of all the manufacturers of voice communication 

; , equipment, only DuKane makes a truly complete selection: intercom, 
public address, paging, background music, private automatic 
telephone, wireless paging for key personnel, emergency and evacuation 
systems, and hospital communication systems—in any combination 

to form an integrated system of any size, a few stations to hundreds. 


For missile base ground communications, come to the experts .. . Write or wire 
DuKane Corporation, Dept. SA-1, St. Charles, Illinois. If you specify electronic 
equipment, ask also for DuKane’s chart of electronic equipment symbols. 


DuKawneEcorporation 


; ; : : j 


St. Charles, Illinois 


_ Job-engineered sound installations... Flexifone intercom systems... Private automatic telephone systems... Hospital 


communications systems...lonovac hi-fi tweeters and ultrasonic generators...Sound slidefilm projectors for education 
= j and industry... Electronic production facilities for industry and for defense. 


) i= Write = No. 86 on Reader Service Card Write in No. 87 on Reader Service Card => 
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IBM 704 COMPUTER permits General 
Electric engineers to analyze case stresses 
mathematically, correct design faults 
before fabrication begins. Computer is 
one example of advanced engineering 
capability which provides better case 
; oie 230,000 psi strenaths, 


G-E ARC-SPRAYED TUNGSTEN nozzle 
liners (melting point: 6170°F) are now 
being incorporated into light eight, ad-_ 
vanced nozzle designs. Early hot tests 
indi cate that extremely high nozzle” “per- 

rmance can be attained, a potential 
P evided ey GE ad anced meta lluray. 


"than six years ah ° 
to case manufactu 


230,000 psi 
IELD STRENGTH 


ie 


' Solid propellant rocket motor cases with yield ture tungsten throat liners for lightweight nozzle 
|) Strengths in the range of 230,000 psi are now under _—_— applications. Liners such as these are now being 
development at General Electric in conjunction incorporated into advanced nozzle designs being 
Bi vith the Thiokol Chemical Corporation. These 


developed by Thiokol Chemical Corporation. 


4 


_ full-size cases are among the strongest and most - ye : 
" advanced in the U.S. missile industry. They will es Bence ober cite me capa 
be used to contain and direct the powerful forces bilities embrace engineering, metallurgy, manufac- 


“generated in the powerplants of highly advanced turing, research and development. They can meet 
solid propellant missiles. your needs for high performance solid propellant 


motor cases and nozzle materials, or for liquid 
_ advanced developments relating to high tempera- engine components. 


Progress /s Our Most Important Prodvet 


GENERAL @@ ELECTRIC 


, 


(@) SEALED RELAYS—unmatched for reliability 


‘NO ADMITT: 


EXCEPT TO EMPLOVEES 


ave you ever taken an air bath? 


Special clothing, nylon overshoes, dust- 
particle counts, air baths—all are part 
of manufacturing the industry’s most re- 
liable miniaturized sealed relays. 


The demand for greater and greater 
reliability of all electronic components 
has forced manufacturers to find new 
and improved production techniques. At 
General Electric a special “white room” 
was built to assure the closely controlled 
atmospheric conditions needed for the 
assembly of ultra high-reliability relays. 
In highly critical applications, particu- 
larly those involving dry-circuit switch- 
~ ing, absolute cleanliness of relay in- 
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teriors is vital. Equally important is 
the extra care and precision with which 
“white room” relays are processed, 
tested, and inspected. 

In General Electric’s “white room” 
every precaution is taken to eliminate 
dust, dirt, and any other particles (as 
small as one micron) which might clog 
the contact points of hermetically sealed 
micro-miniature relays. 

To maintain the controlled atmos- 
phere within the room, dust counts and 
air samples are taken regularly. Em- 
ployees wear special clothing and take 
air baths before entering the room 


through the pressurized air lock. Tem 
perature and humidity are continuously 
controlled and charted to provide opti 
mum assembly conditions. 


Obviously all relays do not require 
the exactness and care which is taken 
with these “white room” telays, but 
whatever your reliability requirements 
—there’s a General Electric sealed re- 
lay to meet your needs. 792-13 


Progress 's Our Most Important Product 


GENERAL @ ELECTRIC 


SPACE/AERONAUTIC: 


BALL VALVE 
is light, small 


These ball valves can be used in 
sile in-flight and ground support 
lications, according to Koehler: 
Aircraft Products Co., Dept. S/A, 409 
20 St., Dayton 4, O. Their simple 
ign and rugged construction have 
ulted in both small size and light 
weight. 
- The valves are said to be ideal for 
| use with standard fuels and oils, high 
energy fuels, oxidizers, coolants, and 
- eryogenics. The valves may be ac- 
_ tuated by manual, mechanical or elec- 
_ trical means when they function as 


‘drain, selector, fill and flushing valves. 
'. Write in No. 137 on Reader Service Card 


es he _ CONVERTER 
for pressure to frequency 


The Osciducer miniature pressure- 
to-frequency converter provides a 
new approach to FM-FM telemeter- 
ing, according to Solid State Elec- 
_ tronics Co., Dept. S/A, 8158 Orion 
_ Ave., Van Nuys, Calif. 

_ A temperature-stabilized — silicon 
transistor oscillator is matched to a 
_ variable inductance diaphragm-type 
_ pressure transducer. The result is a 
- complete in-line instrumentation mod- 
ule for the remote measurement of 
_ power. The Osciducer has three con- 
- nections: 28 V de at 2 ma, ground, 
and the output. The unit can be 
_ supplied for all IRIG channels. Fre- 
_ quency deviation is nominally +7.5% 
of center frequency. Diaphragm- and 
flush-type transducers are available 
from 5 to 5000 psi differential, abso- 
lute, or gage. 
Write in No. 138 on Reader Service Card 


POTENTIOMETER 
for high temperatures 


Model 318, first of a new series of 
high temperature’ precision units, is 
available in resistance values from 10 
to 50 K +5 per cent. Operating tem- 
peratures of this ¥4-in., 1.5-W poten- 
tiometer range from —55 to +200 
deg C, says Daystrom Pacific, Dept. 
_$/A, 9320 Lincoln Blvd., Los Angeles 
45, Calif. 

One watt is Bice atod at 95 deg 
CG. The unit meets or exceeds Mil- 
STD-202. Method 202 shock and vi- 
bration and NAS 710 noise specifica- 


, 


“bes 
tions. } 
ie Write in No. 139 on Reader Service Card . 


VACUUM POWER SWITCHES 
for high voltages 


These switches, Types RH and RL, 
show much higher voltage and cur- 
rent ratings than previous vacuum 
switches. Individual switches will 
handle recovery voltages up to 48 kv 
peak when interrupting 600 amp rms, 
says Jennings Radio Mfg. Corp., Dept. 
S/A, 970 McLaughlin Ave., San Jose 
8, Calif. 

The units are available for con- 


‘tinuous current ratings up to 600 amp 


and momentary surge current ratings 
up to 20,000 amp. They may be-used 
in series for operating voltages up to 
230 ky rms. The switches can also 
interrupt currents up to 4000 amp. 
Vital parts have been encapsulated to 
resist mechanical and electrical dam- 


age. 
Write in No. 140 on Reader Service Card 


POWER BRIDGE 
for microwave measurement 


Type 50 transistorized precision 
power bridge is a compact, light, 
battery-operated instrument capable 
of wave measurements, says Airborne 
Instruments Laboratory, Dept. S/A, 
160 Old Country Road, Mineola, N.Y. 
The instrument is a_self-balancing 
device permitting direct readings of 
RF power in watts and ohms. 

The Type 50 is basically an audio 
oscillator and a bridge in a closed- 
loop circuit. The bridge balance, de- 
pendent on the total power in the 
thermistor, is maintained at a con- 
stant value made up of the power 
from the audio oscillator, the RF 
power, and a constant power caused 
by a de bias current in the thermistor. 
As RF power jis applied, the audio 
power decreases, until the power in 
the thermistor is restored to its con- 
stant value, thereby balancing the 
bridge. 

Write in No. 141 on Reader Service Card 


more on page 232 


There’s a G-E sealed 
relay for every 
circuit need—every 
reliability requirement 


G-E miniature, sub-miniature, and micro- 
miniature relays combine small size with 
unusual reliability under severe tem- 
perature, shock, and vibration conditions 
to make them ideal for electronic jobs, 
both military and commercial. In addi- 
tion to short shipment on production or- 
ders, G.E. is equipped to give rapid serv- 
ice on samples and prototypes. 


A 


MINIATURE: Long-life type; 
rated 5 amps at 28 volts d-c 
at 85 C; in 2-, 3-, and 4-pole 
double throw and 6-pole norm- 
ally open forms. 


SUB-MINIATURE: 2 amps at 28 
volts d-c, 115 volts a-c, double- 
pole double-throw; .651 in. in 
diameter, 1.6 in. long, weighs 
one ounce. 


MICRO-MINIATURE: Crystal-can 
type, 0.5 oz. Rated 2 amps 
at 28 v d-c or 115 v a-c. Grid- 
space type (terminals spaced 
for printed circuits) available. 


For more information contact your G-E 
Apparatus Sales Office, or mail coupon. 


General Electric Company 
Section €792-13 
Schenectady, New York 


Please send me a free copy of the 
sealed relay catalog. 


Write in No. 88 on Reader Service Card 
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BOEING’S BOMARC 


... equipped, of course, 
with Auto-Lite. Wire 


America’s leading airframe 


_and missile manufacturers specify 
Auto-Lite Wire for quality and 


extreme performance characteristics 


Wire problems caused by high temperatures, fuels) 
and lubricants, chemicals, and other agents are 
quickly solved when you call on Auto-Lite. At your: 
service is America’s foremost wire research facility 
—the Auto-Lite Wire Research Laboratory at Port 
Huron, Michigan. This ultra-modern laboratory is 
completely equipped to perform all qualification 
tests of wire for military specifications. For proven 
quality and reliability, specify Auto-Lite. 


AUTO-LITE. 


GENERAL PRODUCTS GROUP 


WIRE AND CABLE DI/V/SION 


PORT HURON, MICHIGAN e HAZLETON, PENNSYLVANIA 
TOLEDO, OHIO 


Look to Auto-Lite for all classes 
and types of aircraft wire meeting 
these specifications: 


MIL-W-SO8S6GA MIL-W-16878C 
MIL-C-7O078A NAS-702 
MIL-W-8777A NAS-703 
MIL-W-7O072A : 


WRITE FOR 
complete aircraft 
wire catalog 


Write in No. 89 on Reader Service Card at start of Product Preview Section 
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> X-Y RECORDING never before possible with electro- 
: mechanical instruments can now be done with the 
“new Sanborn Model 670 X-Y Recorder. Direct writing on 
ultraviolet-sensitive recording paper by a beam deflected by 
_ optical galvanometers makes possible the combination of fast 
_ Writing speed and 130 eps frequency response not found in any 
other X-Y recorder. Transistor characteristics, acceleration 
_ and vibration of mechanical parts and events of similar short 
duration can be recorded with linearity of 1% of full-scale and 
_ at trace speeds as fast as 2500 inches per second. Square wave 

response exhibits no greater than 14% overshoot at any 
_ amplitude; sensitivities as high as 62.5 uv/inch (depending on 
_ preamplifier used ). 


PLOTS OCCUPY AN 8 x 8’ RECORDING AREA and can 
_be previewed or monitored on the instrument’s phosphorescent 
screen. An Axis Record switch to print X and Y axes on the 

record, and a Beam Intensity Control to assure maximum 
trace clarity, are among the front panel controls provided. An 
8" x 8” sheet of the ultraviolet-sensitive chart paper (stored 
in drawer at base of cabinet) is easily placed on the back of 

the hinged screen. Brief post exposure in normal room light 
is the only developing process. 


OPTIONAL INTERCHANGEABLE PREAMPLIFIERS for 
each axis presently include the Model 850-1300B DC Coupling 
and Model.850-1200 Phase Sensitive Demodulator; a Carrier 
Preamplifier, High Gain Preamplifier and a time base gener- 
ator are now in development. Driver Amplifiers are compact, 


THE NEW SANBORN MODEL 670 
OPTICAL X-Y RECORDER HAS 


e 1% linearity 


e frequency response 3 db down at 
130 cps independent of amplitude 


* writing speeds to 2500 in/sec. 
¢ 8" x 8" direct print paper chart 


@ trace monitoring on 
phosphorescent screen 


FIXED MIRROR 


CONCAVE 
MIRROR 


Y-AXIS GALVANOMETER AXIS 


GALVANOMETER, 


fully transistorized plug-in units with single-ended input and 
output. Galvanometers are low resistance, low voltage units 
of rugged, enclosed construction; sensitivity and damping are 
independent of coil temperature. Accessible, unitized circuitry 
also extends to the power supplies—a front-panel plug-in for 
both preamplifiers and a second supply for both driver ampli- 
fiers. A built-in blower provides constant, forced filtered air 
cooling. The Recorder can be rack mounted in 1534" of panel 
space, or housed in its own 20" x 20” x 2114” optional port- 
able cabinet. 


Ask your local Sanborn Sales-Engineering Representative for complete 
information on the Model 670 X-Y Recorder, or write the Industrial 
Division in Waltham, Mass. 


INDUSTRIAL DIVISION ; 
175 WYMAN STREET, WALTHAM 54, MASS. 


Write in No. 90 on Reader Service Card at start of Product Preview Section 
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“AT-A-GLANCE” FILING SYSTEM 


TRACINGS 
PRINTS © SHEET MATERIAL 


QUICK, FILING AND WITHDRAWAL 


22%" 30%" 36%" 42%” 


49 Tube 49CD 4930 4936 4942 


194" LD. $9.50 $12.80 $13.80 $14.80 
MODEL 
25 Tube 25CD 2530 2536 2542 


$9.00 $11.80 $12.80 $13.80 


Shipping Weight 
Model 49 8 Ibs. 12 Ibs. 15 Ibs. 18 Ibs. 20 Ibs. 
Model 25 6 lbs. 10 Ibs. 13 Ibs. 15 Ibs. 17 Ibs. 
ENAMELED DARK GREEN OR MED. GRAY - State Color 


Designed to 
Mount Under 
Board—Mount- 
p ing Brackets 
Sold in Sets Only— Furnished. 
2 JR36 Per Set Gray Only. 8 Ibs. ship. w». 


* SOLD DIRECT ONLY Write to Dept. BP 
F.O.B. St. Clair Shores, Mich. e PRescott 3-2515 


ROLL & FILE SYSTEMS, INC. beveorys eee 


* DETROIT 5, MICH 


SS 


PRODUCT PREVIEW 


RADAR TESTER 
is portable 


tester is-a lightweight, portable-unit 

~ providing convenient, rapid, compre- 
hensive testing and evaluation of the 
operational capabilities of aircraft 
radar systems. In use, no physical 
connection is required between the 
aircraft and the tester, says General 
Mills, Inc.; Mechanical Div., Dept. 
S/A, 1620 Central Ave., N.E., Min- 
neapolis, Minn. 

The tester weighs approximately 70 
Ib and has a volume of about 4 cu 
ft, Originally designed for bombing 
radar systems, the tester performs 
equally well as a navigation and 
weather radar tester. With minor 
changes, its uses can be extended to 
include fire-control radar. 

Write in No. 200 on Reader Service Card 


“Model AN/GPM-25 vadar system ~ 


SMALL INDUCTO 
have thigh 


Series 785 small, light toroidal i 
ductors provide inductances from | 
milli-henry to 7 henries with a usef 
frequency range from 1 to 100 k 
says Arnold Magnetics Corp., Dey 
S/A, 4613 W. Jefferson Blyd., L 
Angeles, Calif. | 

Q-values for this series are exce; 
tionally high—a typical 1-milli-hen 
inductor operating at 40 ke has 
maximum Q of 240. Cases measu: 
14g in. in diameter by % in. hig 
and the unit weighs only 2.3 oz. Th 
units are hermetically sealed and me: 
the specifications of Mil-E-5272-A an 
-T-27-A. | 

Write in No, 201 on Reader Service Ca 
more on page 23 


Wrire in No. 91 on Reader Service Card 


TANK 
FILLER 
CAP 
AND 
ADAPTER 


APPLICATIONS 


Military and Commercial 
Hydraulic Reservoirs 
Military and Commercial 
Hydraulic Reservoirs 
Fuel, engine oil, Military and Commercial 
water-alcohol Fuselage and Wing Tanks 
Military and Commercial 
Fuel, water-alcohol | Fuselage, Wing and Drop 
Tanks, Fire Bombs 


TYPICAL 
SERVICE 


Synthetic oil 


WEIGHT 
POUNDS 
31 


Hydraulic oil 


Military Fuel Tanks 


Commercial Fuselage 
and Wing Tanks 


The Gabb Adapter and Cap Unit, Tank Filler, is the first 3 inch 
assembly to successfully pass all the requirements of specification 
of MIL-C-7244 B (ASG). It is applicable to fuel, oil, water-alcohol 
and hydraulic reservoirs. This self-contained, flush mounted unit 
permits tank pressure relief by means of a lever action handle 
Prior to removal of the cap from its adapter. Subsequent removal 
of the cap requires only a 35° rotation of the same handle. 
Write for free brochure No. 435. 


GABB speciat Propucts Inc: 


WINDSOR LOCKS, CONN. 


Write in No. 92 on Reader Service Card 
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FOR LEAK-DETECTION DEVICES 


NITROUS 
7 OXIDE 


Baye READILY | 
iF Ree pETECEE 


MICROSCOPIC 
LEAKS 


Infrared detérmination of nitrous oxide provides a safe, 
sensitive and flexible method of leak detection. This method 
is not affected by usual atmosphere components such as 
moisture, carbon dioxide and hydrocarbons. In addition, 
nitrous oxide will not harm pieces being tested and is more 
economical than other gaseous agents. 


OHIO NITROUS OXIDE: ODORLESS AND INERT * NONTOXIC 
© NONCORROSIVE © NONFLAMMABLE ¢ ECONOMICAL 


FREE TECHNICAL AID is available in the use of nitrous 
oxide for leak detection. For further information, please 
request the following bulletins: 


1A Chemical, Physical and Pharmacological Properties 
of Nitrous Oxide with Results of Corrosion Tests 


1B Gas Service Equipment for Nitrous Oxide Supply 


OUSemical 


OHIO CHEMICAL & SURGICAL EQUIPMENT CO. 
(A Division of Air Reduction Company, Incorporated) 
MADISON 10, WISCONSIN — 
Write in No. 93 on Reader Service Card 


SPACE/AERONAUTICS 
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j 


HONEYWELL 


a 


4. NEW precision switches 


meet a variety of specific aircraft 


and missile applications 


Only at MICRO SWITCH does the designer of 
aircraft and missiles find such a wide variety 
of small size, lightweight, extremely reliable 
switches engineered to meet present and fu- 
ture needs. : 


MICRO SWITCH specialists work in close coop- 


eration with the aircraft and missile industry 


. .. know what the requirements are and will 
be... and new switches are always in process 
of development and test. 


pez 


Consult with MICRO SWITCH engineers experienced 
in switches for aircraft and missiles at any branch 
office. It can save you time and money. 


MICRO SWITCH...FREEPORT, ILLINOIS 
| A division of Honeywell 
In Canada: Honeywell Controls Limited, Toronto 17, Ontario 


H Honeywell 


MICRO SWITCH Precision Switches 


Write in No. 94 on Reader Service Card at start of Product Preview Section 
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Aeroquip 
WEBLOCK 
Straps 


SIMPLIFY HANDLING OF ROCKET THRUST 
CHAMBERS AT ROCKETDYNE 


Thrust chambers are palletized for handling. 


Use of Aeroquip WEBLOCK Strap Assem- 
blies can solve many materials handling 
problems. At Rocketdyne, division of North 
American Aviation, Inc., a simple nylon 
strap harness was developed to secure 
top-heavy rocket thrust chambers on 
pallets. Harness attachment is quick and 
easy. Tension is automatically locked with 
a pull of the WEBLOCK Strap, released 
with finger touch. 


Outline your aircraft or missile tie-down 
requirements and let General Logistics 
provide simple, low-cost answers. Mail 
coupon below for details. 


Ratchet — 
Tie-Down Buckles 


WEBLOCK — 
Strap Assemblies 


| 2929 Floyd Street, Burbank, California A 
$/A-5 


| Please send information on: 
' CJ Ratchet Buckle [[] WEBLOCK Straps 

Der Seen ees DE ASKS Sak 
; if Ee CE SE Pera A cane Se Nhe a a 
| COMPANY. 
| Appress 


Write in No. 95 on Reader Service Card 
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PRODUCT PREVIEW 


SERVO AMPLIFIER 
is transistorized 


Model AMP-298 transistor servo 
amplifier has a maximum power out- 
put of 12 watts; 40-V rms into a 
160-ohm, center-tapped load; and an 
adjustable voltage gain of 1000 at a 
constant input impedance of 50,000 
ohms, according to Bulova Watch 
Co., Electronics Div., Dept. S/A, 
Woodside 77, N.Y. 

The AMP-298 requires only 28 V 
dc power, operates from a carrier of 
400 +20 cps and meets Mil-E-5400 


and Mil-E-5272A. The unit operates }~ 


over —55 to +125 deg C. The ampli- 
fier measures 1%exl%x3 in. and 
weighs 9 oz. 

Write in No. 202 on Reader Service Card 


AUTOMATIC TESTER 
for systems evaluation 


The universal automatic tester can 
rapidly evaluate within assigned limits 
dynamic functional capabilities of a 
weapon system, subsystem, or com- 
ponents without manual surveillance, 
says Systron Corp., Dept. S/A, 950 
Galindo St., Concord, Calif. 

The “Space System” provides for 
automatic IBM card programming and 
will accept 1000 inputs from any 
electronic subassembly. The unit fea- 
tures complete printed record, pre- 
cision limit detection, in-line Nixie 
readout, and removable patchboard 
for control logic and switching of 
stimuli to the unit under test. 

Write in No. 203 on Reader Service Card 


MICROWAVE EQUIPMENT 
for measurements up to 140 


A complete line of microwave 
equipment is available to cover the 
range from 2.6 to 140 kmc. Instru- 
ments are functionally as accurate as 
equipment used at 90 kme, says De 
Mornay-Bonardi, Dept. S/A, 780 S. 
Arroyo Parkway, Pasadena, Calif. 

The line includes crystal multipliers, 
crystal mounts, E-H tuners, cavity 
wavemeters, standing-wave detectors, 
phase shifters, attenuators, elbows, 
twists, termination, standard gain 
horns, movable shorts, and magic 
tees. 

Write in No. 204 on Reader Service Card 
more on page 238 


LOCTITE 
secures 98 studs | 
against vibration 


Locking studs with Loctite Liquid 
Sealant in transmission unit of 
Jet aircraft starter. 


Cast aluminum gear cases for jet air. 
craft starters are machined and assem 
bled at The Black Rock Manufacturin; 
Company, successor to Reed-Prentice 
Corp., Bridgeport, Connecticut. The 
98 studs used in the unit are treatec 
with Loctite Sealant to secure ther 
against vibration. The jet starter units 
receive an input of 2500 rpm and de- 
velop output of 5000 rpm to each o: 
three flexible shaft connections. Loc. 
TITE was selected for this application 
since it provides a greater prevailing 
torque than any mechanical locking de- 
vice. The locking strength of LocriTE 
is not affected by the wide temperature 
ranges the unit encounters in arctic to 
tropic operation. 


Stud thread is hand- 
dipped in shallow 
tray of Loctite, then 
Positioned in casting 
for tightening. Three 
sizes of steel studs are 
used: 4"-20, 5%”- 18 
and %"-16. 


Two ¥%"-14 thread 
inserts are treated 
with Loctite to lock 
and seal in casting. 
The inserts provide 
non-abrading 
threads for remova- 
ble oil-drain plug. 


LoctiTE Sealant is a thin liquid that 
hardens into a tough heat and oil-resis- 
tant plastic bond when confined be- 
tween closely fitting metal parts. No 
amount of vibration will shake loose a 
LoctiTE treated threaded fastener, yet 
ordinary tools may be used 
to remove the part. LocTITE 
is used to hold bearings, — 
bushings, or hardened sleeves 
to shafts without press fit; 
seals joints against high pres- 
sure fluids. Write for litera- 
ture and free sample. 


LOGTITE’.. 40 


AMERICAN SEALANTS COMPANY 
161 Woodbine St., Hartford 6, Conn. - 
See LOCTITE Booth 1653—Design Engineering Show 
Write in No. 96 on Reader Service Card 


SPACE/AERONAUTICS 
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Executive aircraft 


is When buying 


“ 


‘aluminum for your 


product... 


Commercial liners 


Private planes 


...1t pays to 


That’s because Anaconda Aluminum combines the two features labeled “most wanted” by 
aluminum buyers in selecting a source of supply. 

First: Anaconda Aluminum craftsmen will custom-produce your order, constantly checking 
and double-checking it to be sure your specifications are met precisely. We produce a full range 
of aluminum in all forms— pig and ingot, coiled and flat sheet, rod, bar, structurals, tubular 
and other extruded shapes. 

Second: You'll like the way Anaconda Aluminum’s flexible operations will schedule your order 
fast, and ship it on time. This flexibility is designed into Anaconda Aluminum’s new facilities for 
this one reason—to give you the service you want! 

_ Talk over your next aluminum order with your local Anaconda 
Aluminum representative . . . or write our General Offices, Dept. SA-5, 
Louisville 1, Kentucky. 


Every industry has one member 
who specializes in customer satisfaction 


check with ANACONDA ALUMINUM 


ANACONDA ALUMINUM COMPANY + GENERAL OFFICES, LOUISVILLE, KENTUCKY 


Write in No. 97 on Reader Service Card at start of Product Preview Section 
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SERVO SYSTEM COMPONENTS 


¢ Servo Motors—Frame 
Sizes 5-25 

e Synchros and Resolvers— 
Frame Sizes 5-25 

¢ Tachometers—Damping, 
Rate, Integrating 

¢ Transistorized Amplifiers 
—High Temperature 
2.5-16 watts 


Synchros—Size 25—20 sec. max. error 


ational Computer . 


¢ Rate-floated Integrating; 
Spring Restrained 

¢ Vertical—Miniature, 
Self-Contained 

¢ Two Axis Free For 
Missile Control 

e Directional, Conventional 
and Roll Stabilized 

° 3 Gyro, 3 and 4 Gimbal 
Platforms 


Miniature Floated Gyro e North Seeking Theodolites 


ransponder Systems, 
arget Simulators, 
Test Sets 
Traveling Wave 
_ Assemblies _ 


* Two moving p: 
¢ Anti-clogging 
over size orifices, : 
high pressure clearing — 
-* Flow rates—0-5, 0-10 gpm 


hydraulic or pneumati 
missile control. 


~= 


GROUND SUPPORT 


6% . 


Completely integrated 
ground support equip- 
ment based on unique 
Kearfott test equipment 
modules for analog or 
digital, manual, semi- 
automatic or fully auto- 
matic testing of compo- 
nents, sub-systems or 


systems. 
Digital Logging System u 


Engineers: 


Kearfott offers challenging opportunities in 
advanced component and system development 


A 


GENERAL 
PRECISION 
COMPANY 


KEARFOTT COMPANY, INC., LITTLE FALLS, N. J. 
A subsidiary of General Precision Equipment Corporation, 
Sales and Engineering Offices: 1500 Main Avenue, Clifton, N. J. 
Midwest Office: 23 W. Calendar Avenue, La Grange, IIlinois 
South Central Office: 6211 Denton Drive, Dallas, Texas 
West Coast Office: 253 N. Vinedo Avenue, Pasadena, California 


Write in No. 98 on Reader Service Card at start of Product Preview Section ~ . 
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eg GPL’s experience and ingenuity are at work 


ob = wie n 7 assisting the FAA Bureau of Research and 
| & : : . Development in the creation of a modern 
ie 4 4 data processing central, the heart of 


tomorrow’s air traffic control system. 

The central will receive up to 400 aircraft 
flight plans hourly, ‘‘remember’’ 1,000 
such plans simultaneously and transmit 
200 plans and SOO updates hourly to 
adjacent centers. Automatic processing 
and unique displays of such data will make 
significant contributions to the efficient 
control of aircraft in en-route, transition 
and terminal areas. 


The FAA data processing central is just one 
of a number of airborne and ground-based 
programs reflecting GPL’s capabilities 
in.the data handling field. These programs 
are supported by GPL’s proven ability to 
understand the customer’s problem and 
capacity to anticipate future requirements. 
The GPL organization is ‘‘systems oriented,” 
offers complete capabilities ranging from 
research, engineering and manufacturing 
to customer service. 


Why not put these broad capabilities 
to work on your problem? 


GPL Avionic Division/airborne navigators/missile guidance/ 
radar/airborne computers/data handling systems/ 
communications equipment/infra-red/ closed-circuit TV. 


| OFFICES: 
ERS TOWERS 
MILITARY- ciVviL RAPGON 
"WEATHER BUREAU. 


AIRLINE DISPATCH 
(RADIO) OFFICES 


BenERRS (GFt achievements have opened up some unusual research and 
development opportunities. Send resume to Personnel Director. 


A 


GENERAL 


PRECISION 
COMPANY 


ENGINEERING MANUFACTURING CUSTOMER SERVICE GENERAL PRECISION LABORATORY INCORPORATED, Pleasantville, N. Y. 
RESEARCH / FLIGHT TESTING /‘ENVIRONMENTAL TESTING A Subsidiary of General Precision Equipment Corporation 


| Write in No. 99 on Reader Service Card at start of Product Preview Section 
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SOUTHWEST 


dd 44 


SELF- ALIGNING 
BEARINGS 


ROD END 
TYPES 


PATENTED U.S.A. 
All World Rights Reserved 


CHARACTERISTICS 
ANALYSIS RECOMMENDED USE 


: For types operating under high 
| Stainless Steel Ball 1 temperature (800-1200 
and Race degrees F.). 


For types operating under 
2 paroles Ailey Steel | high radial ultimate loads 


(3000-893,000 Ibs.). 


Bronze Race and For types operating under 
3 Chrome Stee! Ball normal loads with minimum 
friction requirements. 


Thousands in use. Backed by years of service 
life. Wide variety of Plain Types in bore sizes 
3/16” to 6” Dia. Rod end types in similar size 
range with externally or internally threaded 
shanks. Our Engineers welcome an opportunity 
of studying individual requirements and pre- 
scribing a type or types which will serve under 
your demanding conditions. Southwest can 
design special types to fit individual specifica- 
tions. As a result of thorough study of different 
operating conditions, various steel alloys have 
been used to meet specific needs. Write for Engi- 
neering Manual No. 551. Address Dept. S/A 59. 


SOUTHWEST PRODUCTS Co. 


1705 SO. MOUNTAIN AVE., MONROVIA, CALIFORNIA 


Write in No. 142 on Reader Service Card 
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are stainless stee 
| 
i 
' 


These new motor driven, shutoff valves of all stainles}) 
steel construction, enabling them to be used for long-life} 
bubble-tight flow control of all fluids and gases includin\ 
the highly corrosive fuel and oxidizers, says Hydromatics 
Inc., Dept. S/A, Cedar Grove, N. J. j 

The pressure range handled by these valves is zero ti 
1000 psi, through a temperature span that includes th: 
Cryogenic area, —320 to +160 deg. F. Design features oj} 
the valves available in a range of line sizes from %4 te) 
one in, include flo-ball valve design, hydromatics exclusivil) 
floating ball-seat valve arrangement with self-wiping anc} 
self-lapping action that insures long trouble-free life}) 
straight-thri flow, and valve ports. \ 

Write in No. 205 on Reader Service Card 


CYROGENIC PUMP) 


| is piston type| 
This compact, light-weight, piston type, aircraft pump is} 
suitable for pumping liquefied gases such as nitrogen and| 
oxygen. It has a demonstrated capability for pumping| 


of over 8500 rpm. Sustained operating periods of over’ 
one hour have been obtained repeatedly without any form! 
of lubrication, says Application Engineering Diy., Sund- 
strand-Denver, Dept. S/A, 2480 W. 70th Ave., Denver. 
11, Colorado. { 
This pump has nine axial pistons and is a fixed displace- | 
ment type. Metal parts are compatible with liquid nitrogen. | 
Minor material changes can be incorporated to permit | 
satisfactory operation using liquid oxygen. 
Write in No, 206 on Reader Service Card 


TRANSISTOR TESTER 
for lab and shop 


This Model 102 Power Transistor Tester for rapid evalua- 
tion and testing of NPN and PNP power transistors at 
their normal operating power is designed both for laboratory _ 
use and for routine inspection by shop personnel, says 
Strand Engineering Co., Dept. S/A; 1854 N. Main St., Ann 
Arbor, Mich. ; 

It measures collector current for zero emitter current 
(100) at base-collector voltages from zero to 75V; large 
signal current gain at collector currents up to 2.0 amperes, — 
collector voltages from zero to 28 V and base currents up 
to 50 milliamperes; small signal current gain in the grounded 
emitter connection at.any chosen operating point: and 
collector-base break-down voltage j 

Write in No, 207 on Reader Service Card 


TRANSDUCER 
weighs eight ounces 


A new design telemetering position transducer provides 
a frequency change of four per cent in the associated 
oscillator circuit with each inch of shaft movement, This 
new unit forms the inductive portion of a Hartley type 
oscillator using a single triode tube. Output signals of up 
to ten transducers can be mixed and transmitted on a single _ 
channel to a remote receiver which will separate the sig- 
nals by filtering, says G. L. Collins Corp., Dept. S/A, 2820 
E. Hullett St., Long Beach 5, Calif. 

The unit operates with a center frequency from 900 
cps to 6000 cps. Frequency change is linear within one 
per cent over a stroke of 8.2 in. and frequency drift with 
temperature is less than 0.1 per cent per 100 deg F. 
Harmonic content is less than one per cent. The unit has 


‘an operating range of —90 to +275 deg F, is 6.5 in. long 


and weighs 8.2 oz. 
Write in No. 208 on Reader Service Card 
more on page 240 
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GAR-3 Super FALCON 


Playing follow-the-leader at 50 millisecond intervals, three Super Falcon missiles 
rocket ahead of their diamond-shaped supersonic shock waves. Homing in on radar, 
these deadly air-to-air missiles locate, track, and destroy their prey, with the same 
killer instinct of the birds they’re named after. 

Hughes Aircraft, the developer and manufacturer of these missiles and the Arma- 
ment Control System that triggers them, specified Hitemp magnet and Teflon* wire 
for their missile, and Teflon wire for its control system. 

Hitemp Wires, Inc., the leading specialist in high temperature insulated wires and 
cables, proudly answers roll call with those developers and manufacturers enlisted 
in defending our American birthright—Freedom. 


HITEMP WIRES, INC. 


1200 SHAMES DRIVE, WESTBURY, NEW YORK 


*Registered trademark for DuPont fluorocarbon resins, 


Write in No. 143 on Reader Service Card at start of Product Preview Section 
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ANALOG COMPUTE| 
is versatik 


The Esiac is an analog compute! 
designed to calculate and plot value} 
of, algebraic functions of a comple) 
variable. It can be used in the de: 
sign of servomechanisms, the syn, 
thesis of networks, the analysis 3 
electromechanical devices, or in of 
problems requiring the solution g 
Laplace transforms of linear differ-. 
ential equations, according to Ele 
Measurements, Inc., Dept. S/A, 7. 

“S.-W. Macadam Ave., Portland 
Ore. 

The computer is said to be par- 
ticularly useful in transient analysis 
problems as an improvement on the 
graphical root locus technique. In 
frequency response analysis, the real 
frequency axis is scanned to plot gain 
or phase as a function of frequency, 
and various measures of system sta- 
bility, such as Q, phase margins, and 
attenuation rate, are obtained. I 

Write in No. 209 on Reader Service Card 


if 
NOISE TUBE MOUNT 
for K-band 


NEW INSTRUMENT PANEL 
GIVES ACCURATE FUEL DATA — 
TAGLANCE | 


FUEL ISIE 


24 
| 


Designed to extend the range of 
microwave RF noise generating rea \ 


ment, this new K-band, direct-read- 
ing noise tube mount provides A 
means of quickly measuring nois 
figures in systems operating from 18.0 _ 
to 26.5 Kme, says Waveline, Inc, — 
Dept. S/A, Caldwell, N.J. 

The assembly incorporates a pre- We 
cision-calibrated attenuator directly 
marked in noise figure values. — 


Write in No. 210 on Reader Service Card 


RECORDING PAPER 
gives data in 10 seconds _ 


Pilots of Boeing’s 707 jet liners rely on new USR- 
engineered fuel system panels for quick, clear, con- 
cise information. The ready legibility inherent in the 
design of these integral edge-lighted panels makes it 
comparatively simple for the pilot to keep track 
of fuel load levels in jet flight where fuel manage- 
ment and control are always-critical factors. 

In designing the Boeing fuel system panels, as in 
production of its entire line of edge-lighted dials and 
panels employing the Lackon® process, U. S. 
Radium utilizes experience and facilities unsur- 
passed in more than 30 years of service to com- 
ponent fields. The company offers a complete 
selection of “‘light-engineered” dials and panels for 
military and non-military applications. Technical 
consultation is available on request. 


ves on Request Bulletin 10.30-B5 
UNITED STATES RADIUM CORPORATION 


MORRISTOWN, N. J. Offices: Chicago, Illinois and No. Hollywood, Calif. Subsidiaries: Radelin Ltd., 
Toronto, Canada and United States Radium Corp. (Europe), Geneva, Switzerland 


Write in No. 144 on Reader Service Card at start of Product Preview Section ; ee 
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This photo-recording paper, Kodak a 
Linagraph Direct Print Paper, that 
supplies data on in-flight missiles as \ 
quickly as ten seconds after the phe- | 
nomena under observation take place & 
is available from Eastman Kodak Cone 
Dept. S/A, Rochester 4, N. Y. x 

This photo-recording material may 
be used in conjunction with several i 
new, special-type moving-mirror gal- _ 
vanometer oscillographs at trace 
velocities ranging from zero to 3000 
cps. Tests indicate that the new paper 
will help avoid costly mistakes dur- 
ing in-flight and on-the-ground mis- 
sile and aircraft tests taking immedi- 2 
ate corrective measures when mal- 
functioning occurs. a 

Write in No. 211 on Reader Service Card _ 
more on page 244 \ 


FIRST RULE 
FOR | 
DELEGATING © 


GROUND) 


Through 70 years of war and peace, St. Louis Car 
has developed, tested and built transport and 
handling equipment... _ railroad stock... 
amphibious vehicles... aircraft ... special-purpose 
carriers and mounts. 


Use this experience when you need transport 
and handling equipment, engineered from the 
systems approach to meet the specific operational 


objectives of your weapon. | 


Before you assign any transport and handling 
equipment work—from R&D to production— 
evaluate St. Louis Car. We welcome the chance 
to submit proposals. 


: St. Louis 15, Mo. 
ae he : _ Write on your letterhead for Information Kit SA-11. 


DO OOD OOO OODOOO 


Oo 
SS ee 


: lie = iy 


LAT G73 


; Write in No. 145. on Reader Service Card at start of ‘Product. Preview Section 
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Jewels by Janitro/ a 

sie es | . 

If you are concerned with utilization, distribution, and control of high tempera- 
ture, high pressure air for canopy seal, tank pressurization, fuel transfer, or 
any other interesting aircraft or missile application, this picture will interest you. 
It shows an important facet of Janitrol’s capabilities in the design and pro- 
duction of precision valves whose refinements and tolerances call for a jeweler’s 


approach. The large family of Janitrol valves offers convincing evidence of our 


exceptional problem solving abilities in a field where reliability requirements ; 
are constantly being raised. 


A complete picture of our capabilities is presented in a new brochure 
“Janitrol Resources.” For your copy ask your nearest Janitrol engineering 
representative, or write: Janitrol Aircraft Division, Surface Combustion Cor- 4 
poration, Columbus 4, Ohio, BRoadway 6-3561. Also: Ft. Worth, WAInut 


6-3386; Hollywood, HOllywood 3-6861; Washington, D. C., OLiver 4-2171; 
Philadelphia, MIdway 2-6342., 


pneumatic controls * duct couplings and supports ° heat exchangers ¢ combustion equipment for aircraft, missiles, ground support 


fanrrrot g 


Write in No. 146 on Reader Service Card at start of Product Preview Section } : 
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” | GOMMUNICATIONS.... 


Radio Set AN/ARC-57 . . . designed and de- 
veloped by The Magnavox Company, in 
conjunction with the Air Force, is an essen- 
tial UHF communications system, providing 
the utmost in performance and reliability for 
the CONVAIR B-58. 


It clearly demonstrates The Magnavox Com- 
pany’s ability to produce and work as a prime 
contractor on a complex weapons system. 


MAGNAVOX capabilities are in The Fields Of Air- 
borne Radar, ASW, Communications, Navigation 


| Equipments, Fusing and Data Handling ... your PRODUCTS 
inquiries are invited. THAT. SPEAK FOR 


THEMSELVES 


| 
| 


MAKES THE B-58 


«lll i : MISSILES 


DATA HANDLING 


‘THE MAGNAVOX co. « DEPT. 72 e Government and Industrial Division « FORT WAYNE, IND. 

; Write in No. 147 on Reader Service Card at start of Product Preview Section 
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New Deutsch “Snap-In” Miniature Connectors 


make RELIABILITY a REALITY 


Here’s a snap-in miniature you can trust to do what 
it’s supposed to do. The new Deutsch DS Series of 
quick-disconnect connectors—with insertable and 
removable contacts and crimp-type terminations — has 
been thoroughly tested and proved under extreme 


environmental conditions. 


Pins and sockets 


Terminations 
Contact retention 
Crimp strength 
Hand tools 


Interfacial seal 


Environmental 


Temperature 


Push-pull coupling 


Contact size 


Shell size 


nee 
Check these/ advantages 
against your design requirements 


Easily insertable and removable 


Crimp-type 
SWithstands wines of 25 Ibs. pull 

Greater than the wire itself 
& Simple, fool-proof crimping, | re 
inserting and removal tools 


without voids; no bonding, reversion 
or shrinkage of inserts 


Meets or exceeds MIL-C-26482 (ASG) 


—100°F. to 300°F, 
~ Positive ball-lock design; operates tS 
in direction of plug travel 


Immediately available in 320 size; 
others to follow 

i ‘Immediately available in 3, 7, 12, 
19, 27, 37 and 61 contacts 


YOUR DESIGN 


DS FEATURES REQUIREMENTS 


Mates with existing Deutsch DM5000, 
DM6500 and DM9000 series 


Assembly 


Delivered completely assembled 
except for insertion of contacts 


For complete technical information and test report, contact your 
Deutsch Representative or write us for Data File 5E. 


Write in No, 148 on Reader Service 
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mm Lhe Deutsch Company 


7000 Avalon Boulevards Los Angeles 3, Calif. 


© THE DEUTSCH COMPANY, 1959 
Card at start of Product Preview Section 


Write in No. 212 on Reader 
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Type 13A1 receiver has 2 '¢ 
signed for high performance ins 
55-260-me frequency range, 
General Electronic Laboratori S55 
Dept. S/A, 195 Massachusetts — 
Cambridge, Mass. Seed 

Special features include a 
cision gear drive assembly for 
scan use, easily replaceable 4 
inductive tuning unit for sin 
maintenance, plug-in tuning 
and an effective pulse AGG 


Designed for the X-band, 
microminiature waveguide s 
remotely controlled to pr 
highly reliable means of switching 
single waveguide input to eit 
two outputs, says Don-Law ] 
tronics Co., Dept. S/A, Santa Mi 
Calif. ! 
RF switching under power, 
maximum VSWR of 2.1 during 
switching cycle and 1.1 in e 
position over the entire freq 
range, is achieved. Switching ti 
only 0.007 seconds, and isolation i 
minimum of 50 db down. The sy 
weighs only 0.37 Ib. ae 
Write in No. 213 on Reader Service 
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WIREWOUND RESIS 
is sub-minia 


Measuring only % in. in diame 
by % in. in length, Type 1282 p: 
cision resistor meets all requirem 
of Mil-R-93B, except physical 
The unit’s wattage rating is 0.005 V 
at 125 deg C derated to zero at 145. 
deg C, says Daven Co., Dept, S/A, _ 
Livingston, N.J. a 

Resistance values are available from 
10 to 100 K. Maximum voltage is 100 
volts. ¢ 

Write in No. 214 on Reader Service Card 
more on page 24é 
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i “Metals for Precision 
‘and Performance” 


7 


| That special tubing you need doesn’t have to be a frustrating prob- 
| your lem — BisHor delights in tackling tough specs. BisHoP is uniquely 

equipped to handle specials—long on experience and capacity, short 
on delivery. You'll get help within 24 hours from a Quick Service 


| ind L U id Ua l Team of sales, metallurgical and production experts—and unexcelled 


| quality tubing . . . the finest made. 


: Briefly, the Bishop Line... 
} tubing Specs Mechanical, Aircraft, Capillary, 


1 STAINLESS STEEL TUBING Hypodermic also NEW 
| are a 
| 


Seamless, Welded & Drawn Stabilized and L grades, 
precipitation hardening alloys 
up to 1.000” OD 
specialty 


0.008” to 1.000” OD 
0.003” to 0.083” wall 


NICKEL & NICKEL ALLOY 
TUBING 


TUBULAR FABRICATED PARTS 


GLASS-T0-METAL 
SEALING ALLOYS 


CLAD METALS & 
COMPOSITE WIRES 


PLATINUM GROUP METALS Fabricated products—chemicals 
CATALOGS, DATA SHEETS ON THE ABOVE SENT PROMPTLY ON REQUEST 


All standard grades 0.065” wall max 


Flanged, flared; milled, slotted, swaged, threaded 
Low expansion alloys for glass sealing applications 


Base metals & precious metals in various combinations 


AMERICAN STEEL 


Send in your individual specs for prompt handling, thor- 
ough analysis, prices, deliveries. Write, wire or phone 
Nlagara 4-3100 or call your local steel service center. we occ wen 


J. BISHOP & CO. 


platinum works 
MALVERN, PENNSYLVANIA 


Write in No. 149 on Reader Service Card at start of Product Preview Section 
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COMMUTATOR SWITCH 
has 50 positions 


Type 7122 commutator switch has 
100 shorting positions or 50 non- 
shorting positions. The single-pole 
unit measures only 1% in, square and 
has a depth of %-in., says Daven 
Co., Dept. S/A, Livingston, N.J. 

Molded, wedge-shaped contacts are 
set into the epoxy with extremely 
close contact spacing tolerances. The 
commutator bars are solid silver alloy, 
and the rotor is beryllium copper, 
with a welded silver edge making 
contact with the stator. 5 

_ Write in No. 215 on Reader Service Card 


UNIVERSAL 
JOINTS 


INDUSTRY’S MOST COM- 
PLETE LINE FOR EVERY 
SLOW SPEED APPLICATION 


DAMPER-ACTUATOR 
in single unit 


single types 


CONTOURED YOKE eS 


The Damperator is a dual-purpose 
hydraulic device that functions as 
both flutter damper and rotary actu- yer. 
ator in installations on rudders and or gai 

other control surfaces, says Houdaille proved core desi. 
Industries, Inc., Dept. $/A, 587 E. eo hie 
Delavan Ave., Buffalo 11, N.Y. The ee 

device is expected to benefit airframe 
manufacturers by virtue of weight 


Special Contoured Yoke—capable 
of operating at a maximum an- 
gular misalignment of 45° on 
hand-operated applications. 


Static Torque—from 306 to 129,693 
in.-Ibs. at 12°, depending on size 


of joint. and hardware savings. 
Horsepower Ratings—.54 to 207 An electronic servo system with a 
at 100 rpm. servo valve mounted directly on the 


Damperator provides precise rotary- 
motion control. Damping rates are 
uniform over —65 to +160 deg F. 
Automatic air bleeds and pressurized 
fluid replenishing are among other 
features. 


Write in No. 216 on Reader Service Card 


Tolerances—pins ground to .0005” 
... forks concentric to within .001” 
-..precision accurate center 
Biseke: 


Standard Specifications—hub di- 
ameters 14 to 4"... bores 4 to 2” 
-.-lengths (single) 2 to 105%" 
(double) 4 to 2114”. All specifica- 
tions can be altered or special 
joints designed to individual 
requirements. 


Get this handy guide 


It’s the quick and easy way 
“to get the Universal Joint 
that is just right for your 
application. Request 
Bulletin 820. 


60 cps and 
$ request Bu 

SOLDERLESS CONNECTOR a 

for coaxial cable 


The Crimpee CR-8-UF, a solder- 
less 50-ohm, low-cost: UHF connector 
for RG-8-U coaxial cable, meets all 
requirements of present UHF connec- 
tors but overcomes all objectionable . 
features, says Elden Inc., Dept. S/A, 
8105 Woodmont Ave., Bethesda, Md. 

The unique construction of the unit 
assures 860-deg contact with cable 
braid and high mechanical strength. 


MAGNETIC 
AMPLIFIERS, INC. 


632 TINTON AVENUE » NEW YORK 55, N.Y. © CYPRESS 2-6610 


—— 
LOVEJOY FLEXIBLE COUPLING CO: 


i West Coast Division 
Write in No. 217 on Reader Service C rd 
4842 W. Lake St. Chicago 44, Ill, ee os sua aie .136 WASHINGTON ST, * EL SEGUNDO, CAL * OREGON 8.2665 
Write in No. 150 on Reader Service Card Write in No. 151 on Reader Service Card 
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‘As a prime contractor, your task 
| becomes easier—the success of your 
| project more certain—with an asso- 
| ciate contractor who can fit into your 
' “team’’ picture quickly and expertly. 
| And this applies during initial plan- 
| ning stages—when you're first invited 
| to bid on a major systems contract— 
as well as during production’ on the 
| contract. 

Such an associate contractor must 
be heavy on specialized talents—the 
| kind that can’t be acquired over- 
| night. His background can come only 
|| from years of experience in sub- 
' system research, development and 

production. It can come only from 
| practical experience under the 

Weapons System concept. 

' Both these indispensable areas are 
thoroughly covered by Eclipse 
Pioneer’s KNOWMANSHIP—our word 
for the critical combination of 
technical knowledge, experienced 
| management and specialized crafts- 
_ manship that an associate contractor 
_ must have to offer maximum value to 
a prime contractor. 


ECLIPSE-PIONEER 


What is knowmanship— 
and what can it do for you? 


Eclipse-Pioneer KNOWMANSHIP 
under the Weapons System concept 
dates from the very first contract of 
this type—in our association with 
Convair on the Air Force B-58 
Hustler. Here, we developed and now 
supply from production Primary and 
Automatic Flight Control Systems, 
Stability Augmentation and Central 
Air Data Systems. Another of our 
major sub-system responsibilities is 
to the Martin Company for Inertial 


Guidance, Stable Platform and asso- 
ciated equipment on the Army’s 
Pershing missile. 

Add in our physical resources— 
9,000 engineers and other highly 
skilled workers, 1,104,000 square feet 
of plant space, plus the most modern 


tools and equipment—and you have 


the significant total reason why 
Eclipse-Pioneer KNOWMANSHIP 
makes such a knowledgeable partner 
for prime contractors on advanced 
aircraft and missile development and 
production. 

A letter, wire or phone call will 
bring our representatives to your 
office with complete facts about E-P 
associate-contracting capabilities. 


“Condi” 


AVIATION CORPORATION 


TETERBORO, N. J. 
DIVISION of 


‘ | AUTOMATIC FLIGHT CONTROL @ CENTRAL AIR DATA SYSTEMS @ SPECIALIZED INSTRUMENTATION @ NAVIGATION COMPUTERS 
i § AND DIRECTORS @ STABLE PLATFORMS @ INERTIAL GUIDANCE @ RADAR ANTENNA STABILIZATION AND TRACKING SYSTEMS 


Write in No. 152 on Reader Service Card at start of Product Preview Section 
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When the first U.S. rocket to the moon 
will be in space, chances are it may be 
guided by some equipment designed and 
manufactured by the FALSTROM. Co. 


FALSTROM, one of the leading metal fabri- 
cators since 1870, manufactures chassis, 
weldments, housings and custom metal 
components that surpass the most strin- 
gent requirements of Mil Specs. In this 
way we help our nation reach for the 
moon ... and beyond. 


Write today for FREE brochures on 
facilities, repetitive parts, and design 
assistance available from FALSTROM. 


FALSTROM COMPANY 


112 Falstrom Court 
Passaic, N. J. 
PReseott 7-0013 


See us at the Design Engineering Show 
in Philadelphic—Booth #1642! 


Write in No, 153 on Reader Service Card 
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POWER OSCILLATOR 
for airborne equipment 


Model ELIN DKI-102A, a two- 
watt-output power oscillator, is de- 
signed for shock-mounted installation 
in airborne equipment as an ultra- 
precise power supply for control 
equipment, says Electronics Interna- 
tional Co., Dept. S/A, 145 W. Mag- 
nolia Blvd., Burbank, Calif. 

The unit is also readily used in 
electronic ground support systems— 
input is 150 to 800 cps, 15 V ac. The 
maximum total distortion is 0.1%; 
frequency stability is 0.1%; amplitude 
regulation is 0.2%—under all condi- 
tions of line and load. Dimensions are 
-for standard %-ATR rack installation. 
The entire unit is designed to meet 
or exceed Mil-E-4158A. 

Write in No. 218 on Reader Service Card 


DIFFERENTIAL 
is very accurate | 


High accuracy in additive and sub- | 
tractive operations has been claimed — 
for a line of hollow-shaft, miniature, 
precision differentials. The devices 
have primary application in angular, 
angular velocity, sums, differences, 
sequence and other functions, says 
Fae Instrument Corp., Dept. S/A, 42- 
61 Hunter St., Long Island City 1, 
N.Y. 

High speed rotation, minimum i, 
backlash, and low breakaway torque 


“are featured. The units may be in- 


stalled or removed from a gear train 
without disassembly of differential or 
instrument. 

Write in No. 219 on Reader Service Card 


INTERWOVEN CABLE 
shows 20 db less radiation 


This flexible cable has a unique 
interwoven, twisted, figure-8 weave 
which restricts the. magnetic field 
normally radiated from a current- 
carrying wire, says Perfection Mica 
Co., Magnetic Shield Div., Dept. S/A, 
1322 Elston Ave., Chicago 22, pi 

A field or pickup reduction in excess 
of 20 db can be attained compared | 
with a standard twisted cable of the | 
same size and turns per in. 

Write in No. 220 on Reader Service Card 
more on page 250 


time/ delay / relays 


These relays have recently been re-designed—improyed in 
performance and appearance. So you'll want up-to-date 


specs. 


This free folder gives complete details on all models. In 

it you'll find operating specs, timing ranges, contact ca- 

% pacities, dimensions, diagrams of contact and terminal 
arrangements, and data on mounting and installation 


accessories. 


For your copy, write: Dept. A34-519. 


es STOP NUT CORPORATION OF AMERICA 
Elizabeth, New Jersey 


Write in No. 154 on Reader Service Card at start of Product Preview Section 
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ENGINEERS AND SCIENTISTS 
FOR COMPLETE 
SPACE AND WEAPONS SYSTEMS 


Rarely does a corporation of United Aircraft's stature 
make available such key positions. Ordinarily these 
openings would be filled from within, but as the other 
divisions (Pratt & Whitney, Sikorsky, Hamilton 
Standard, Norden) cannot spare additional valuable 
staff men, these openings must be filled from the 
outside. You will work beyond ordinary boundaries on 


MISSILE AND SPACE PROJECTS 


Unusual, infrequently offered, high level positions for: 


ELECTRONIC ENGINEERS 
AERONAUTICAL ENGINEERS 
MECHANICAL ENGINEERS 
PHYSICISTS 


Please reply to Mr. John North, Engineering Dept. 
MISSILES & SPACE SYSTEMS 


A Division of 


UNITED AIRCRAFT CORP. 


436 Main Street, East Hartford, Conn. 


Check Employment Inquiry Form on Page 1155 


ELECTRO-FLEX 


specialists in 
HEATING 
ELEMENTS 


LESS SPACE—LESS WEIGHT 


New lightweight, space-saving re- - 
sistors permit substantial efficiencies . 
and economies in aircraft and mis- i. 
sile electronic apparatus. Units are 
mounted in direct contact with inner 
surface of chassis or case so that 
25% to 40% of heat generated is 
emitted to atmosphere. Derating 
curves are available. Insulation is silicone rubber— 
Available in the following ratings and sizes Sree eomumaously 


Power Envelope Approx. Mounting metal— 
Rating Dimensions Weight 


Alclad aluminum. 
Connection tabs— 

40 Watts | Zox1%x4 | .027 Ibs. ea. | _ silver plated brass. 

80 Watts | %o x 1% x 6 -040 Ibs. ea. Special washers permit 
120 Watts | 7 x 1%6x8 | .053 Ibs. ea, | bolt or rivet mounting. 
160 Watts | 7% x 1%x10 | .067 Ibs. ea, 

200 Watts | 7% x 14x12 | .080 Ibs. ea. 


Adhesive supplied 
provides good thermal 
transfer from resistor to 
mounting wall. 


send for free illustrated booklet 


Electro-Flex Heat,Inc.' 


83 WOODBINE ST., HARTFORD, CONN. (CHapel 6-5413) 


more and more 
engineers specify 


CINCINNATI SUB-ZERO 
Testing and 
‘Chilling Equipment 


HERE’S WHY 


© 100% reliability—every unit 
unconditionally guaranteed 


© custom-built—to your own re- 
quirements ’ 


© compact design—saves valy- 
able floor-space 


© superior construction — 
numerous extras are built in 


© economy of. operation — 
stands up to rigorous use with 
little servicing, 


Write describing your requirements. 
We'll send literature prompitly. 


Representatives in all major industrial cities. 
Member: Environmental Equipment Institute 


CINCINNATI 
SUB-ZERO PRODUCTS 


General Office & Plant 
y 3930-V9 Reading Rd. e Cincinnati 29, Ohio 


Write in No. 156 on Reader Service Card 
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i DC SUPPLIES 


This line of de power supplies was designed for test, 
checkout, and actual launching of several missiles, including | 
the Thor and Atlas, says Perkin Engineering Corp., Dept. 
S/A, 845 Kansas St., El Segundo, Calif. Four models, 
the M-675, M-676, M-677 and M-678, are available. 

Nominal output is 28 V dc, with outputs ranging from 
24 to 40 V at load capacities from 30 to 500 amp. Typical « 
specifications include regulation of +-% per cent over the | 
24-32-V range and ripple of one percent rms. Ac input | 
is a 208-115-4 wire system, three-phase, 60 cycle. Design 
features include ruggedized construction to allow mounting 
in missile vans. e 

Write in No. 221 on Reader Service Card 


| 


; 


CAPACITORS | 


i 


for high temperatures — 
This stack-foil Fabmika Capacitor is designed for opera- 


tion at high temperatures. It can function effectively at — 
temperatures up to 260 deg C, and in special designs, up — 
to 310 deg C says Sprague Electric Co., Dept. $/A, 295 
Marshall St., North Adams, Mass. ! 
There are four standard temperature ranges: from —55 Rs 
to +125 deg C, +165 deg C, +200 deg C, and +260 — 
deg C. The Fabmika Capacitors are available in four 
constructions: uncased (up to 200 deg C), uncased and — 


_ clamped (up to 260 deg C), cast epoxy housing (up to_ 4 


200 deg C, and drawn metal case (up to 260 deg C a 
standard and 810 deg C). Sizes on the cast epoxy and ‘ 
drawn metal case constructions are furnished for particular x 
applications on request. / tS 
Write in No. 222 on Reader Service Card a 

; 

TIME DELAY RELAY — 

for —55 to +125 deg C 


A new line of sub-miniature time delay relays combine 
the features of sub-miniature size, light weight, environ- i 
mental resistance, maximum reliability, and timing accu- q 
racy never before available, says Tempo Instrument Inc., _ 
Dept. S/A, 240 Old Country Rd., Hicksville, N.Y. 
Through the use of transistors and RC time-constant cir- 
cuits, all moving parts except relay contacts have been 
avoided. aa 

Standard models are available with time delay periods ~ 
from 0.01 to 60 sec, delay occurring between application 
of current and pull-in relay contacts. Timing accuracy — 
is +10 per cent of nominal thru a temperature range 
of —55 to +125 deg C. Units are of ruggedized design 
vibration-proof upto 20g’s and 2000 eps and will withstand 
shock of 40g’s for 11 ms. 


Write in No. 223 on Reader Service Card 


“ 


PRESSURE GAGE 
for telemetering 


Designed for use with either standard or wide band 
subcarrier oscillators, these small size single coil variable 
inductance pressure gages exhibit extreme stability in the 


presence of high mechanical shock and vibration, says 


Tavis Instruments, Inc., Dept S/A, 1901 E. Walnut St. 
Pasadena, Calif. 

Frequency shift with temperature is less than 0.005 per 
cent per deg F and sensitivity change is less than 0,02 
per cent, full scale, per deg F over the range from —85 
to +250 deg F. Absolute, gage, and differential units in 
pressure ranges from 5 psi to 5000 psi are available for 
use at carrier frequencies from, 1.8 Ke to 70 Ke. The 
units weigh less than 2.5 oz. and are % in, diameter by 
1,3 in. long. 

; Write in No. 224 on Reader Service Card 
more on page 252 
Write in No. 157 on Reader Service Card> 
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Barden Precision SR1-4 miniature bearings as used in a linear or non-linear potentiometer. 


BARDEW wminiature-size bearings are built with instrument precision 


he Talyrond, a super-accunate 
easuring device, is used by Barden 
s a development tool; as a standard 
or correlation of other quality control 
strumentation; as a gage for ultra- 
recise bearing parts, It measures 
oundness and waviness to five 
illionths of an inch. 


Precision-built potentiometers require concen- 
tric, smooth-running wiper contacts and ultra 
low torque characteristics to provide accurate 
and rapid response to small motivating forces. 


Barden Precision miniature-size bearings 
have the inherent concentricity, smoothness 
and low torque values to assure this sensitive 
response and electrical accuracy. 


Barden Precision miniature bearings are built 
to the same high standards of consistent 
quality as Barden’s larger instrument sizes. 
Barden Precision means not only dimensional 


THE BARDE: 


accuracy but performance to match the de- 
mands of the application. 


Your product needs Barden Precision if it 
has critical requirements for accuracy, torque, 
vibration, temperature or high speed. For 
less difficult applications, Barden predictable 
performance can cut your rejection rates and 
teardown costs. 


Write today for your copy of Catalog Sup- 
plement M1 which gives dimensions, per- 
formance and engineering data on Barden 
Precision ball bearings 48” O.D. and smaller. 


CORPORATION 


75. Franklin St., Danbury, Connecticut * Western office: 3850 Wilshire Blvd., Los Angeles 5, California 


PECIFY BARDEN PRECISION BALL BEARINGS FOR. INSTRUMENTS © AIRCRAFT ACCESSORIES * COMPUTERS AND RECORDERS ° MACHINE TOOL AND TEXTILE SPINDLES * OTHER PRECISION APPLICATIONS 


PRODUCT PREVIEW | 


METER 
checks bearings 


An average-reading meter and 
three peak-level trigger circuits are 
used in this instrument to evaluate 
the running quality of precision 
instrument ball bearings, according 
to Leitch-Huard Corp., Dept. S/A, 
Stark & Commercial Sts., Manches- 
ter, N. H. The General Motors- 
developed Vibra-Meter measures, af- 
ter converting it to an electrical 
signal, the axial component of forces 
produced in a bearing rotating under 


The peak-level circuits are set at 
different levels, each represented by 
an indicator, which lights when the 
signal generated by the bearing 
roughness exceeds the level set, The 
trigger circuits and the average 
meter roughness indications are 
automatically locked in at the 100- 
rpm bearing test speed. The Vibra- 
Meter test head, a separate unit, at- 
taches to the meter indicator cabinet 
by means of a four-ft cable. A 
design for easy servicing and adjust- 
ment is featured in the continuous 


a light thrust load. 


duty instrument. 
Write in No. 225 on Reader Service Card 


WHATEVER THE SHAPE 


ENGINE MOUNT 


CHAMBER j 


ADAPTER 


-— 9¥"— 
SUPPORT 


TURBINE WHEEL 


FOR SUPERIOR QUALITY AND PROPERTIES 
lt? OFFERS 


Valve casting and its MONO-SHELL 


- iim 


Misco’s MONO-SHELL process permits 
manufacture of many new components 
once avoided by conventional invest- 
ment casting systems. Castings by 
MONO-SHELL weighing 25 Ibs., 12” 
dia. x 6” high, poured in air or vacuum 
by the DOUBLE-V system are common- 
place today. 

Surface qualities in the as-cast condi- 
tion average 70-90 R.MS. 
MONO-SHELL permits wide selection 
of stainless steels and high temperature 
alloys with improved metallurgical 
qualities and properties. \ 


Stainless Steels Hi Temp Alloys Vacuum Alloys 
310 304 AMS 5382 AM 355 A-286 Udimet 700 
410 316 AMS 5385 WI-52 713 ~ GMR 235 
347 17-4 PH AMS 5388 Vascojet 1000 Waspaloy Rene’ 41 
431 Udimet 500 


Write us for specific data on all 
still, submit your drawings to 


fants in 
HALL, MICHIGAN — 
ON, MICHIGAN 


Write 
252 


SETS 
build circuits quickly 


The ErecTronic system, consisting 


_of precision-drilled Duron pegboards, 


electric: and_ electronic components 
mounted on high-impact polystyrene 
bases with dual plug-in pins, and 


phosphor bronze jiffy connectors, is. 


designed to permit R&D engineers to 
check out new circuitry ideas in min- 
utes, says Science Electronics, Inc., 
Dept. S/A, 195 Massachusetts Ave., 
Cambridge, Mass. 

There is no soldering nor wire 
preparation required to build circuits; 
paper work and model shop delays 
can be eliminated. 

Write in No. 226 on Reader Service Card 


STRIPPING TOOL. 


for copper braid wire 


This tool strips nylon sheathing 
from plated copperbraid wire (Mil-! 
W-16878C) without scoring the braid, 
Two high-speed steel blades sharp- 
ened to the helix angle of the twisted 
wire penetrate the nylon to the proper 
depth, says Stavid Engineering, Inc., 
Dept. S/A, Plainfield, N.J. 

The angle of the cutting blades 
and the elongated slot in the wire 
guide induce a spiral motion of the 
wire as it is Grawn over the area to 
be stripped. 

Write in No. 227 on Reader Service Card 


RADIO INTERFERENCE FILTER — 


is subminiature 


aie 


Model 5833 radio interference fil- 
ter is rated at up to 2 amp at 28 V 
de at 105 deg C and will filter most 
de motors as stated in Mil-I-6181B, 
says Double E Products, Dept. S/A, 
208 Standard St., El Segundo, Calif. 
The unit has a %g-in.-diameter 
case (1%-in long) and a %g-24 

threaded mounting bushing. 
Write in No. 228 on Reader Service Card 
more on page 254 
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‘ioe 


(left) Navy Polaris AX-1 flight test 
vehicle at beginning of launch. 
Lockheed’s Polaris fleet ballistic 
missile is more than a year 

ahead of original schedule. 


(below) Nation’s first successful 
re-entry tests were conducted 
with the Lockheed X-17. 


STRUCTURES 
AND DESIGN 


Expanding the Frontiers of Space Technology 


J 


Some of the most difficult structure problems in the missile industry were 
successfully met by Lockheed design engineers for the Navy Polaris 
IRBM, where the unique launching environment—water—aggravates 
the normal critical missile requirements of strength minus weight. 


Major emphasis in structures concerns the design of re-entry bodies, 
thrust termination, and underwater launching devices. Other significant 
work has been accomplished in the mechanical design of vehicle frames, 
flight controls, hydraulic, ignition and separation systems; and in the 
electrical design: of equipment for test, check out, arming and fusing, 
guidance, and telemetry. 
As systems manager for such major, long-term projects as the Navy 
Polaris IRBM; Army Kingfisher and Air Force Q-5 and X-7 and other 
important programs, Lockheed engineers and scientists face a double 
_challenge — to improve existing designs and devise solutions 


Design is a challenging and growing to new problems. 
field at Lockheed dealing w i Scientists and engineers of outstanding talent and inquiring mind are 
varying phases of mechanical, invited to join us in the nation’s most interesting and challenging basic 


elecizical and structural problems. research and development programs. Write: Research and Development 


Staff, Dept. E-16, 962 W. El Camino Real, Sunnyvale, California. 
U.S. Citizenship required. 


“The organization that contributed most in the past year to the advancement of 
the art of missiles and astronautics.” NATIONAL MISSILE INDUSTRY CONFERENCE AWARD 


Lockheed i: MISSILES AND SPACE DIVISION 
“| Weapons Systems Manager for the Navy POLARIS FBM; DISCOVERER 
SATELLITE; Army KINGFISHER, and Air Force Q-5 and X-7. 
re Pais SUNNYVALE, PALO ALTO, VAN NUYS, SANTA CRUZ, SANTA MARIA, CALIF. 
CAPE CANAVERAL, FLORIDA * ALAMOGORDO, NEW MEXICO « HAWAII 
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SERVO MOTOR TACH 
has greater range 


Designed to meet BuOrd Mark 16 
specs., Type 18-MTG-6302 servo mo- 
tor tach exceeds these specifications 
with operating temperature from —54 
to %125 deg C and with starting 
voltage as low as 1% V, says John 
Oster Mfg. Co., Dept. S/A, 1 Main 
St., Racine, Wis. 

The unit consists of 115 V 400 
cycle two phase size 18 servo motor 
with a precision size 15 tachometer 
integrally mounted on the motor 
shaft. The servo motor has a high 
torque to inertia ratio, a no load 
speed of 4700 rpm, a rotor moment 
of inertia of 5.73 gm/cm2, develops 
a stall torque of 2.4 oz in. with a 
power input of 9.2W per phase and 
is rated for continuous duty at stall. 

Write in No. 229 on Reader Service Card 


ANTENNA BUFFER 
for radar 


This hydraulic buffing device dis- 
Sipates the energy of extreme shock 
loads, says Houdaille Industries, Inc., 
Hydraulics Div., Dept. S/A, 587 E. 
Delavan Ave., Buffalo 11, N.Y. 

Installed at the limits of radar an- 
tenna travel, the buffer protects the 
sensitive electronic and mechanical 
elements of the radar unit from 
damage caused by overtravel. 

Write in No. 230 on Reader Service Card 


SMALL CRYSTALS 
feature stability 


Excellent stability in miniature, 
low-frequency, shock-mounted crys- 
tals have heen obtained in the ST- 
7ONXS, the smallest unit of its type 
available, according to Electronics 
Div., Bulova Watch Co., Dept, S/A, 
Woodside 77, N.Y. The series is de- 
signed for missile, aircraft and other 
problem environments, 

Frequency range of the series is 
100 to 250 ke, and frequency toler- 
ance is +.015 percent over a —55 
to £90 deg C range. The one-oz 
device is mounted in a HC-6/U 
military-type holder, and overall size 
is % x 2 x Yo. The crystals meet 
all environmental specifications of 
MIL-E-5272, MIL-E-5400, and MIL 
Std. 202. Special vibration tests show 
they withstand 20 g’s up to 2000 cps. 

Write in No. 231 on Reader Service Card 
more on page 257 
Check Employment Inquiry Form P. 155 
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Fellow Engineers and Scientists: 


My company has asked me to tell you of the unusual opportunities in 
operations research at System Development Corporation. These range 

from positions for engineers and scientists who would like to develop 

their skills working in a team under an experienced leader to opportunities 
for those who are looking for positions of leadership. | hope that the 
following account of our work will lead you to inquire for further information. 


Briefly, SDC's business is automated decision-making systems. More 
fully, we develop large scale, computer-based information processing 
systems in which the computer is used as an on-line, centralized control 
element for a system operating in real-time. At this stage of the art these 
systems are semi-automatic, the man-machine type in which man shares 
the repetitive control function with the computer. Our work is concept- 
oriented, rather than hardware-oriented, and deals with problems of over-all — 
system design, data processing development, and man-machine 
system training. 


The most fully developed large-scale semi-automatic system is the 
SAGE (Semi-Automatic Ground Environment) Air Defense System. We 
have a major responsibility in the development of SAGE. Our experience 
and unique team skills have led to diversification of our activities; we now 
have important contracts for other major military and government systems 
vital to our country. The demand for our services is reflected in our growth 
from 70 to more than 2,700 employees since 1955, and the intriguing 
possibilities of automated decision-making are only beginning to be realized. 


In this brief message, | can only suggest the variety of operations 
research problems at SDC. Perhaps the most important point is that this 
variety is limited only by the imagination and initiative of our scientists. 


Some examples of areas of work are: (1) allocation of decision-making 
functions between man and machine for optimal system performance; k 
(2) measures of system Capacity and system performance; (3) exploration 
and evaluation of design changes by operational gaming; (4) quality control 
and testing of operational computer programs; (5) allocation of computer 
capacity among several system functions; (6) scheduling and costing of 
production of operational computer programs; (7) optimal assignment of 
mixed weapons to targets. 


SDC recognizes the importance of a well planned research program for 
the vitality and future of the company, and we are carefully organized to. _ 
carry out such a program. The following are some areas our Operations 
research people are involved in: (1) simulation and operational gaming 
techniques in problems of control systems; (2) information retrieval and ae 
theory of information processing; (3) medical data processing; (4) universal ; 
language for computer programming; (5) logistics. We have unusual 
facilities for research at SDC—these include one of the largest computer 
facilities in the world and outstanding simulation laboratories. 


We have given considerable thought to organizing the activities at SDC to 
provide for professional development and self-expression. Operations 
research professionals are carefully assigned so that their individual 
talents are matched with company needs. These assignments are reviewed 
regularly to make sure that developing talents are directed into new 
company opportunities. We regard the publication of research articles and 
Participation in professional societies as activities important to the 
company. We encourage new ideas and provide the time and means to 
explore them. 


SDC is one of the leaders in a field which will have a remarkable 
technological and scientific development. It is a new and vigorous company 
with a bright future. | encourage you to join us. 


Please write Mr. R. W. Frost at the address below if you wish to pursue 
this invitation. 


re e 


Wie ancto 


William Karush 

Assistant Director for Research 
Operations and Management Research _ 
System Development Corporation 


SYSTEM DEVELOPMENT CORPORATION 
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UurraMer  GCANNON-MUSKEGON CORPORATION 


too versatile to belie 


From Cannon-Muskegon — a major move in special metals develop- 
ment! Now the amazing properties of René 41 are yours to utilize in 


fine-wire form 


This new vacuum-melted, high-temperature product 
is just .0015” in diameter . 


. . half the thickness of a human hair. One 


ton could circle the earth three times, four tons would reach the moon! 


Yet thin as it is, René 


41 fine wire has unusual strength. Under 


cold reduction, tensile strengths to 425,000 psi have been obtained. 
And even at 1800° F it maintains high oxidation resistance, excep- 
tional tensile and yield strength. 

René 41 fine wire is currently being used in the form of screens, 
filters, cables, strainers and casings for high-temperature applications. 

Rene 41 and other vacuum-melted high-temperature alloys are also 
available in sheets up to 48” wide x 120” long, and in thicknesses down 
to .010. Bar stock is available up to 3” in diameter, and foil down to 


001 in thickness. 


Our metallurgists will furnish any help or data you may desire. 


Write Cannon-Muskegon. 


“ST Ate 


FOR IMDUSTRY | 


BEM Lincoln Avenue 
MES RACK LeU R61 Ce AOL 


Write in No. 161 on Reader Service Card at start of Product Preview Section 


°¢ Muskegon, Michigan, U.S.A. 


Sale le eS PE A Som ss 


SPACE/AERONAUTICS 


Fe AON eas a Ae oa aU cya aft, ii Sip A. 2 i = 


| PRODUCT PREVIEW 
| 
| 
| 
: 


| MISSILE CHUCK 
| has large diameter 


' A 46-in, dia is featured in the uni- 
yersal pinch-type Horton chuck for 
holding large diameter missile parts, 
The concentric expanding and con- 


tracting action of the 12 equally 
spaced universal jaws makes the 
chuck useful for rounding out and 
holding the thin-walled sheet metal 
missile tanks and parts for trimming, 
facing, turning, and welding opera- 
tions, says United-Greenfield Corp., 
Dept. S/A, New Haven, Conn. 

The chuck is raked to repeat 
within .002 in. T.I.R. at the diameter 
to which the top jaws have been 
machined, and can be used on ver- 
tical or horizontal lathes. 

Write in No. 232 on Reader Service Card 


ACCELEROMETER 
has wide dynamic range 


Accelerations on the order of 0.0017 
g will produce a ten millivolt output 
change in the new Model 24614 AC 
Accelerometer made by G. M. Gian- 
nini & Co., Inc., Dept: S/A, 918 E, 


FLIGHT 
ACCESSORY 
POWER 


Green St., Pasadena, Calif. Available 
in a variety of low natural frequencies, 
and in ranges from +1 g to +20 g, 
this instrument -provides accurate, 
consistently reliable ac output pro- 
portional to linear acceleration par- 
allel to its mounting base. 


en 


Wide dynamic range is provided 
by a full scale output of six volts 
and a maximum null of 0.015 V (of 
which at least 90 per cent is har- 
monic ). 

Write in No, 233 on Reader Service Card 
more on page 259 
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check valves with 
superior sealing for 
surge flows, 

high flow rates and 


opening blasts 


specifically designed | 


by Circle Seal for perfect — 


"pressure gas or liquid 
“service. For 0-3000 p 
er 0-5000 psi. 


Write in No. 162 on Reader Service Card at start of Product Preview Section 
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HIGH RELIABILITY... 
Constant Speed Drives on Navy A4D 


Over 100,000 flight hours have dem- 
onstrated the exceptional reliabil- 
ity of the G-E bali-piston design. 
Not one failure of the pumping 
elements has ever been reported in 
service. Mission reliability of .9996 
is the result of unmatched design 
simplicity. : 
The lightweight, compact units 
also insure a low overhung moment 


and are compatible with any air- 
craft engine. In addition, they can 
be used with any make of 400- 
cycle a-c generator. 

Drives using the unique ball- 
piston principle are today delivering 
precisely controlled speed to the 
electrical systems aboard the 
Convair 880 and McDonnell F4H, 
as well as the Douglas A4D. 231-26 


Progress Is Our Most Important Product 


GENERAL @@) ELECTRIC 


25/1 


1 North magnetic spoke 6 Flux-return rings 


2 North pole 7 Stationary-Exciter-Coil. Locates 
under the flux-return ring of 
rotor tube. Does not rotate, being 
fixed relative to stator 


3 South pole area 


4 Nonmagnetic damper cage 


il cooling-ai 
iBueclar zone 8 Coil cooling-air passages 


Picture of sophistication . . . 


It shows why secsyN* works twice as long as any comparable-purpose 
machine... needs almost no maintenance whether used to deliver kva, 
kw or hp. sECSYN’s long-life secret is rotor simplicity: no brushes . . . no 
rotating rectifiers . . . no rotating copper field windings. And if liquid- 
cooled, sEcsyN does not require coolant seals. : 

From this proved sophistication comes an ultra-speed range (up to 
100,000 rpm) and extreme-temperature capability. 

You can use SECSYN as an a-c generator to produce frequencies from 
60 cps to 7000 cps... from 0.5 kva thru 125 kva. Or the design can be 
adapted as a d-c generator, synchronous motor or constant-speed motor. 


If you’re looking for the most economical and reliable power source 
yet designed, let’s review your need in light of secsyn. Contact 


Jack & Heintz, Inc., 17634 Broadway, Cleveland 1, Ohio. Cutaway of complete SECSYN 
showing flux paths. 


*Stationary-Exciter-Coil SYNchronous brushless machine, 


Back & Hi einrz. Ine. 
SYSTEMS FOR AIRCRAFT: MISSILES AND GROUND SUPPORT 
Write in No. 164 on Reader Service Card at start of Product Preview Section 
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CONVERTER 
for high speed data 


pletely transistorized, and printed cir- 
cuit techniques are used to reduce 
the weight to less than 8 Ib. 

Write in No. 335 on Reader Service Card 


package, says Yuba Consolidated In- 
dustries, Inc., Systems Div., Dept. 
S/A, 351 California St., San Francisco, 
Calif. 


The miniaturized sonde is com- 


more on page 261 


cl is) BLOCKS - HARNESS STRAPS 


for airy & inc industrial Bs & eq ents 


: eee: 


High speed transmission of digital 
data from magnetic tape over to 
voice-quality telephone circuits can 
be done using the 768H-I Kinetape 
converter with the TE-206 Kineplex 


data system, according to Collins CLAMPS provide cushioned, vibra io 
Radio Company, Dept. S/A, 2700 Ww. = ee support for cables, tubin 


They cut maintenance : 
. performance and reliability far beyo a : 
pe of any other Line Support. 


Olive, Burbank, Calif. 

Data rate is 300 characters per 
second with either IBM or Univac 
tapes. Both instruments are com- 
pletely transistorized and employ 
etched circuit cards. New signaling 
techniques allow superior signal-to- 
noise performance and efficient spec- 
trum use. Error detection and correc- 
tion is automatically done by error 
coding and data retransmission tech- 
niques. 

Write in No. 334 on Reader Service Card 


failures. 
a above ++-550°F to 
from products that ar 


BLOCKS provide resilient sup de 
multiple grouping of lines to 
HARNESS STRAPS embodyé 

resistant meee for el 
For safety, flexibility, @ute 
ADEL and be certain o 
ing design and thet 
A COMPLETE LIN Mr 


Direct inquiries to 
Huntington Division 

1444 Washington Ave., 
Huntington 4, 
$ CORPORATION West Virginia 


repla-».Daytonss Wichita » Dallas « Toronto 


RADIO TRANSMITTER SYSTEM 
weighs less than 3 Ib 


This tiny, complete radio trans- 
mitter system is a combination of 
microphone and radio transmitter con- 
tained in a lighter, more compact 


DISTRICT OFFICE: 


Write in No. 165 on Reader Service Card at start of Product Preview Section 


HIGH RELIABILITY... 
Cartridge Turbostarters on USAF B-57 


FLIGHT 
ACCESSORY 
POWER 


With a million and a half successful 
starts during a five-year period, 
G.E.’s solid-propeilant turbostart- 
ers have demonstrated their de- 
pendability and have proven their 
adaptability to varied operating 
conditions. 

Over 2000 cartridge starters have 
been produced and are being used 


every day at tactical bases all over 
the free world. 

Solid-propellant, fuel-air, and 
cartridge-pneumatic turbostarters 
are available, with torque ratings 
from 350 to over 1000 foot-pounds 
—to meet the requirements of any 
gas turbine engine now flying or 
contemplated. 231-27 


Progress ls Our Most Important Product 


GENERAL @@ ELECTRIC 
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STRESS -1000 PSI 


——— 


100 HOUR 
STRENGTH 


400 600 800 


° 200 1000 1200 1400 1600 
TEMPERATURE =°F. 


Graph shows high tensile, creep and rupture —_- 
strength Incoloy “901” provides at 1000°-1400°F. 


New standard alloy... 
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super’ alloy properties! 


In the 1000°-1400°F range, Incoloy “901”* iron-nickel- 
chromium alloy has properties which match those of 
“super” alloys. 

Its nominal composition is 40% nickel, 13% chromium, 
2.40% titanium, 6.00% molybdenum. The balance: iron. 

Incoloy “901” alloy was especially developed for rocket 
and gas turbine components. This alloy provides high 
tensile, creep and rupture strength (see graph), good oxida- 
tion resistance and favorable expansion characteristics at 
elevated temperatures. 


Solution treatment extends 
time-to-rupture 

In bar stock, time-to-rupture for a given stress and tem- 
perature can be extended by a high temperature solution 
treatment before aging. Sheet is best formed in the 
annealed condition and aged by a short time (2 hr) treat- 
ment at .1400°F. 

Other new high temperature 

alloys developed by Inco 


In addition to Incoloy “901”, Inco has developed four — 


other high temperature alloys which deserve attention in 
missile design. They are: Inconel “713 C”* nickel- 
chromium alloy, Inconel “700”* age-hardenable nickel- 
cobalt-chromium alloy and Inconel “702”* aluminum- 
containing nickel-chromium alloy. For basic data on all 
five, write to the address below. Easier oe 


THE INTERNATIONAL NICKEL COMPANY, INC. 
67 Wall Street 1KCO New York 5, N. Y. 


TRADE MARK 


U.S. Air Force’s Thor 


INCO NICKEL ALLOYS 


NICKEL ALLOYS PERFORM BETTER LONGER 


Write in No. 167 on Reader Service Card at start of Product Preview Section ’ 
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NUMERICAL INDICATOR TUBE 
has 10,000-hour life 


obtained through an isolation sys- 
tem that will withstand high vibra- 
tion loads, says Maryland Div., Litton 
Industries, Dept. S/A, 4900 Calvert 
Rd., College Park, Md. 


The device incorporates cable- 
mounted structures designed with low 
natural frequencies to allow maximum 


absorption of shock, along with at- 
tenuation of vibration loads. The 
isolator, which can be adjusted in the 
field to meet changes in load condi- 
tions, can isolate shocks of up to 50 
a. 

Write in No, 337 on Reader Service Card 


more on next page 


Type B-5031, an ultra-long-life 
Nixie indicator tube, is the first in the 
series of all-electronic indicator tubes 
which present the 10 numerals in a 
common in-line viewing area, says 
Burroughs Corp., Electronic Tube 
Div., Dept. S/A, P.O. Box 1226, 
Plainfield, N.J. 

The B-5081 is similar in mechanical 
and electrical characteristics to the 
standard Type 6844-A. The only 
change which is required to make the 
tubes interchangeable is a reduction 
in the value of series anode resistance 


under rated operating conditions, 
Write in No. 336 on Reader Service Card 


ISOLATION SYSTEM 
solves shock problems 


Isolation from shock and vibration 
for such devices as yroscopes, mis- 
sile mountings, supersonic sled mount- 
ings, and airborne instruments, may be 


FLIGHT 
ACCESSORY 
POWER 


for control cable 
or aircraft 
tiedown systems 


For your ordering 
convenience and quick- 
delivery needs, Air 
Associates Division of 
Electronics Communi- 
cations, Inc. maintains 
large stocks of Wickwire 
Wire Rope in ware- 
houses located at or 
near airports. 


Wickwire Aircraft Control Cables 
and Wickwire Rope for aircraft 
tiedown systems are sold through 


For the best in quality 
and service, order 
Wickwire Rope through 
the nearest Air 
Associates warehouse. 


SSOCIATES 


warehouses at: 

Atlanta, Ga. * Chicago, Ill. + Cleveland, Ohio 

Dallas, Tex. » Los Angeles, Calif. - Miami, Fla. 
San Francisco, Calif. + Teterboro, N. J. 


6932 


Write in No. 168 om Reader Service Card at start of Product Preview Section 


HIGH RELIABILITY... 


Another Important General Electric Product 


Section B231-28 


Superior dependability and contin- 
uing product excellence is based on 
advanced technology, extensive 
operating experience, and competent 
servicing in the areas of 

© Hydraulic Equipment 

® Controls 

e High Speed Equipment 

@ High Temperature Equipment 

® Servomechanisms 

©® Hot Gas Generators 
FOR MORE INFORMATION, 
contact Product Information, Air- 
craft Accessory Turbine Department, 
Lynn, Mass., or mail the coupon. 


| May “1959 


, 
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General Electric Co. 
Schenectady 5, New York Please send me information on: 
[ ] Jet Engine Starters tes Constant Speed Drives [ ] Unconventional Power 


a] Gas Servo Systems Fs] Auxiliary Power Units [} Other: 


NAME 
POSITION 
ADDRESS __ 
CITY. STATE. 


GENERAL @@ ELECTRIC 


COMPANY 
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ALINA HORIZONTAL 
DIAL COMPARATOR 


Indicator reads to .0001” 


For high production —low tolerance applications! 


The large 3 14,” diameter dial indicator permits rapid, highly accu- 
rate readings because of widely spaced and easily visible gradua- 
tions. The H-20 is equipped with the M-50 dial indicator that can 
also be furnished separately. This highly sensitive indicator is 
jewelled at critical wear points and has a range of .120” 


<> WRITE FOR CATALOG. 


ALINA CORPORATION 
122 East Second Street, Mineola, L. I., N. Nie 
Write in No. 170 on Reader Service Card at start of Product Preview Section 


”,..get we lave \MPROVED cc" 


The Marsh Stainless Steel Needle Valve could 
have gone right on being the finest in its 
field... yet we have improved it 


...with fabulous 
~. “TEFLON” 
on 


y Note the “close-up?’ The 
/ Marsh Marpak packing 
system, originated in the 
Marsh Needle Valve, was 
~. one of the factors that has en- 
abled it to stand up and work right 
under pressures up to 10,000 psi. 
Now “Teflon” is used in this 
packing system—the miracle 
material of almost incredible tough- 
ness, resilience and non-adhesive 
properties...properties that are 
not impaired by the most powerful 
of solvents, acids, or alkalies even 
‘at temperatures up to 500° F. 


Net result: The guaranteed appli- 

m a Q Ss Pl cation-range (up to 10,000 psi) is 

now effective at any temperature 

up to 500° F. (In other makes, 

Needle Valve permissible temperature decreases 
. as pressure increases.) 

‘ in 416 Marsh Marpak Teflon Packing 
stainless steel throughout System is standard in Marsh 416 
Now with Teflon” Packing Stainless Steel Needle Throttling 

Valves. Ask for facts. 


MARSH INSTRUMENT CO, Soles Affiliate of Jas. P. Marsh Corp., Dept. 43, Skokie, Ill. 


Marsh Instrument and Valve Co. (Canada) Ltd., 8407 103rd St., Edmonton, Alberta BRITISH MANUFACTURED BEARINGS co., LTD. 


Houston Branch Plant: 1121 Rothwell St., Sect, 15, Houston, Texas 
Sole Selling Agents: 


B.M.B. Sales Ltd., High Street, Crawley, Sussex, England. 


PRODUCT PREVIEW 


’ SLIP RING ASSEMBLY 
for power and signal use 


‘sae + 
8 
a 
ime 
3 
a 
st 
oon 


This 48-ring assembly can be ap- 
plied with rate tables, missile flight 
simulators, and radar missile tracking 
units. Current range for the unit 
(smallest to largest rings) is 1 to 20 
amps. The units have been subjected 
to a 2,000 V, 60 C hypot test be- 
tween ring for 10 seconds, says Su- 
perior Carbon Products, Inc., Dept. 
S/A, 9115 George Ave., Cleveland 5, 
Ohio. 

The assembly is made with fine 
gold-plated silver rings. Brush con- 
tacts are silver graphite. Ring leads 
are insulated with Teflon. Ring diam- 
eter, including brush block, is 6% in. 
Height is 15 in. Slip ring assemblies 
for commercial use are also available. 

Write in No. 338 on Reader Service Card 


/ 


Minute Giants... 


B.M.B. Miniature Bearings to the highest precision 
limits, are made specially for Space craft, missile 
or ground support instrumentation. 


Stainless Steel for servo applications—B.M.B. have 
supplied miniature bearings to the American mar- 
ket for the past ten years. 


Miniaturization plus reliability uals faultless 
functioning equals B.M.B. Miniature rings. 


AGENTS: 


David R. Grossman Co., 155 East 44th Street, 
New York 17, N. Y. U.S. A. 


Engis Equipment Co., 431 South Dearborn Street, 
Chicago, Illinois, U. S. A. 


Manufacturing Associates, 1416 Westwood Blvd., 
Los Angeles 24, California, U. S. A. 


Write in No. 171 on Reader Service Card Write in No. 172 on Reader Service Card 
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The Hand with the 


Golden Touch 


uses A.W.Faber=CASTELL 


with BLACK GOLD 


E 98005SG 


Graphite 


EGGERS & HIGGINS\ Architects 


“A-GRAD 


Ta LOCKTIE 


; 

A m | 

A UN! 
Ny 
avy 

: ig 

5 YW 

a | 

7 ~~ There are two kinds of ability—creative and interpretive. to a needlepoint, yet resists heavy hand pressure. CASTELL — 

% Both are responsible for our march of progress. Both get Black Gold Graphite erases without a trace. — 

4 j rant & eA) “A A —— 

a sare ee coy CASTELL. withthe’ ‘Black It costs no more to use the world's finest drawing —— 

4 ney tools—imported CASTELL wood pencils, CASTELL leads —F 

ie Whatever your status, CASTELL will give your eager, and LOCKTITE TEL-A-GRADE holders with the bulldog — 

‘ sensitive fingers the “golden touch’ by transforming your grip. Order from your dealer today. 

r grey matter into black matter on paper or cloth. 

Af § y . 

y CASTELL is your always-reliable drawing tool, made Choose from: #9000 CASTELL Pencil. #9007 

: Rath ) F CASTELL with Eraser. #9800SG LOCKTITE. TEL-A- 

___ with the world’s finest natural graphite that tests out at : ; : : 

4 : GRADE Holder with new functional spiral grip and degree 

| more than 99% pure carbon. It contains no smudgy, eee : : 

: smeary foreign substance to give the false illusion of black indicating device. pte CASTELL Refill Lead: matching 

5 3 #9000 pencil in quality and grading, packed in reusable 

; CASTELL is as smooth as silk, uniform as a West plastic tube with gold cap. Other styles and colors of 

3 Point platoon in all 20 superb degrees, 8B to 10H. Sharpens pencils, holders and refill leads. 


Castell Leads and Pencils draw on all surfaces, including Mylar- 
based polyester drafting films. Give perfect lines, easy to erase 
—excellent reproduction, 


CASTELL 


"BACKED BY NEARLY 200 YEARS UNINTERRUPTED - 


MANUFACTURING EXPERIENCE — SINCE 1761 «. A.W.FABER-CASTELL Pencil Co., Inc. 
: “ LGA Copyright 1958 Newark 3, N. J. 


Write in No. 173 on Reader Service Card at start of Product Preview Section 
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tO 
the 


Outside 


MISSILE QUALITY 
SERVOS 


For trouble-free systems, missile designers specify Oster relia- 
bility. Choose from the Complete Line for Missile, Aircraft & 
Ground Support Applications. 


e Sizes 8, 10, 11, 15, 18, 23, 29 in 400 cycle. Sizes 15, 18, 23 in 
60 cycle. 


e —55° to +125°C temperature range. Higher temperature servos 
available for special applications. 


e Meet MIL-E-5272A & MIL-E-5400. 
e Available with leads & terminals to your requirement. 
e Immediate delivery from stock of many types in sample quantities. 


BURTON BROWNE ADVERTISING 


NEW 24-page SERVO MOTORS CATALOG No. 5000 


Lists 40 basic servo types for military, scientific and industrial 
applications. Write for your free copy on company letterhead today. 


OTHER PRODUCTS INCLUDE: MANUFACTURING CO. 
ee pai Your Rotating Equipment Specialist 
Resolvers - Indicators : 

Motor Tachs Servo Mechanisms APICES eiaien 

DC Motors Servo Torque Units Racine, Wisconsin 


ce ; : : : : Se C 5333 So. Sepulveda Bivd. 
es 237 North Main Street oo Xe A : 
W YORK 517 Lyons Avenue T Nf Culver City, California 
NEW Y Hempstead, L.I., New York NEW JERSEY WESTER Phone: EXtacnt 1.5742 


: Irvington, New Jersey 
OFFICE Wises WWenhen 24653, 2 OFFICE Phone: ESsex 3-2361 OFFICE TExas 0-1194 


TWX S. Mon 7671 


ee a Interesting ied work on designing transistor circuits. 
_ Engineers For Advanced Projects: | and servo mechanisms. 
oe oe Contact Mr. Robert Burns Personnel Manager | in confidence. 


Se esses) 


No, 174 on Reader Service Card at start of Product Pie w Section 
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Jet Miracle by Boeing 707 
Protective Coatings by Amchem Alodine! 


MEME. RA 


At Boeing’s Seattle and Renton plants giant dipping 
tanks are utilized to treat unpainted portions of 
107 fuselages and engine pods with Amchem Alodine, 
the superb chemical conversion coating. The amor- 
phous chromate coating imparted to aluminum by 
Alodine endows this strong light metal with corrosion 
resistance and adhesion characteristics superior to 
other chemical treatments. This superiority of 
Amchem Alodine is needed to withstand the rigorous 
environments experienced in jet flight. 


Write for Bulletin 1424B describing 
specific applications of Amchem 
Alodine. Contains handy Selection 
Chart to help you choose the 
Alodine type suited to your needs. 


Alodizing with Alodine is the fastest method of 
treating aluminum parts uniformly. Savings are 
realized through reduced costs of electrical power, 
labor and processing time, fewer rejects. And Amchem 
technical specialists are always available to render 
assistance in determining initial requirements, recom- 
mending proper equipment, training personnel and 
following through on quality control. 


Follow the industry leaders who specify Alodized 
with Alodine for a finer end product. 


ALODINE 


ALODINE 


another chemical development of 
Amchem Products, Inc., Ambler 00, Pa. 
(Formerly American Chemical Paint Co.) 


etroit, Mich., St. Joseph, Mo., Niles, Calif., Windsor, Ont. » Amchem and Alodine are registered trademarks of Amchem Products, Inc. 


Write in No. 175 on Reader Service Card at start of Product Preview Section 
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Sra data preview 


FUEL OXIDIZER—Perchloryl fluor- 
ide, said to be the first fuel oxi- 
dizer specifically designed for 
rocketry, is discussed in a 24-page 
booklet available from Pennsalt 
Chemicals Corp., Dept. S/A, 3 
Penn Center, Philadelphia 2, Pa. 
The oxidizer, which freezes at 
—146 deg F and boils at —52 
deg F, features excellent stor- 
ability, stability and performance 
characteristics. 

Write in No. 339 on Reader Service Card 


ALKALI METALS—Up-to-date facts 
and figures on lithium and other 
alkali metals have been compiled 
in a 24-page brochure with six 
charts and 14 illustrations by 
Montgary Explorations Ltd., Dept. 
S/A, Toronto, Ont., Canada. Cur- 
rent prices, principal uses and 
producers are described including 
applications only recently  an- 
nounced. 

Write in No. 340 on Reader Service Card 


FACILITIES REPORT—A 52-page 
brochure detailing its history, or- 
ganization and work in hydraulic, 
pneumatic, electronic and me- 
chanical components has been re- 
leased by Sargent Engineering 
Corp., Dept. S/A, 2533 E. 56th 
St., Huntington Park, Calif. The 
report covers research, design, 
qualification, and manufacturing 
facilities. 

Write in No. 341 on Reader Service Card 


METER MOUNTING—The protec- 
tion of sensitive instruments 
against shock and vibration by 
means of a bonded rubber meter 
mounting is described in a four- 
page bulletin available from Lord 
Mfg. Co., Dept. AvAge, 1635 W. 
12th St., Erie, Pa. Bulletin 601 
discusses design features, advan- 
tages and performance of the 
patented mountings and contains 
photographs of typical installa- 
tions. 

Write in No. 342 on Reader Service Card 


PRESSURE TRANSMITTERS—Bul- 
letins .P-58176-GP and P-5701, 
which present information on the 
Models 176-GP and 176 pressure 
transmitters, respectively, have 
been prepared by Taber Instru- 
ment Corp., Dept. AvAge, I11 
Goundry St., North Tonawanda, 
N.Y. The stainless steel units, 
which are. available in a variety 
of ranges from zero to 300 psig to 
zero to 10,000 psig, are identical 
except for the gas-proof electrical 
connection of the 176-GP. 

Write in No. 344 on Reader Service Card 
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SWITCHES—The ESCO line of 
rotary multiple switches is de- 
scribed in a 20-page catalog (in 
standard file or miniature size), 
available from Electro Switch 
Corp., Dept. S/A, Weymouth 88, 
Mass. Information on solenoid- 
operated, instrument and control 
switches is included, along with 
details on a trigger-switch. 
—Write in No.-345 on Reader Service Card 


SOLENOID VALVES — Information 
on three-way solenoid valves {oz 
use with medium-size cylinders is 
available from Skinner Electric 
Valve Div., Dept. AvAge, 105 
Edgewood Ave., New Britain, 
Conn. The first unit in the A Series 
is a normally-closed valve with a 
pressure rating of 125 psi, which 
may be used with oil, air, inert 
gases, and like media. 

Write in No. 346 on Reader Service Card 


LOX PRODUCTION —A _ 16-page 
catalog on rectification plants for 
the production of oxygen and ni- 
trogen in liquid or gaseous form 
has been issued by Superior Air 
Products Co., Dept. AvAge, 132 
Malvern St., Newark 5, N. J. 
Equipment described includes sta- 
tion pumps with vaporizers, and 
storage and converter tanks for 
liquid oxygen, hydrogen, and 
argon. 

Write in No. 347 on Reader Service Card 


TEFLON—Bulletin GST-58 is an 
eight-page brochure giving me- 
chanical, electrical and chemical 
properties of C-D-F Glass Sup- 
ported Teflon in the various forms 
and is available from Continental- 
Diamond Fibre Corp., Dept. Av- 
Age, Newark 107, Del. The bul- 
letin also gives widths, nominal 
thicknesses, and thickness toler- 
ances for standard and_ special 
grades of glass-supported Teflon 
tapes, laminates, metal clads, and 
fabricated parts. 

Write in No. 348 on Reader Service Card 


INSULATION—An extremely low- 
conductivity molded insulation ex- 
pressly developed for rockets, 
missiles and aircraft engines is de- 
scribed in a 12-page brochure by 
Johns-Manville, Dept. AvAge, 22 
E. 40th St., New York 16, N.Y. 
Min-K, which may be used for 
duct insulation, jet engine shrouds, 
panels, and wrap-around blankets, 
is easy to machine, saw and cut, 
and it can be molded to special 
shapes with close dimensional tol- 
erances. 

Write in No, 349. on Reader Service Card 


TRANSDUCER—The Type MA rec- 
tilinear transducer, engineered for 
critical ac measurement and servo 
applications in missile, aircraft and 
industrial systems, is described in 
a two-page technical bulletin by 
Crescent Engineering and Re- 
search Co., Dept. S/A, 5440 N. 


_ Peck Rd., El Monte, Colif. Ratio 


of Sensitivity to null is 100 to 1. 
Write in No. 350 on Reader Service Card 


CORROSION-RESISTANT —PLAS- 
TiC—Bulletin Ad-152, published 
by United States Gasket Co., Plas- 
tics Div., Garlock Packing Co., 


_ Dept. AvAge, Palmyra, N. Y., de- 


scribes its corrosion-resistant Kel-F 
Plastic Laminate which can be ap- 
plied to any surface having almost 
any contour. The properties of the 
plastic lining material are outlined 
and the advantages and methods of 
applications are explained. 

Write in No. 351 on Reader Service Card 


FASTENERS & SMALL PARTS— 
Catalog No. 106 is a new con- 
densed handbook on the design 
and use of such cold headed spe- 
cialties as rivets, nails, screws, and 
other fasteners and small parts 
published by John Hassall, Inc., 
Dept. AvAge, Westbury, L. L, 
N. Y. Data includes cost and design 
features plus information on metals 
and finishes. 

Write in No. 352 on Reader Service Card 


DATA PROCESSING—Bulletin 3017 
is a six-page publication fully de- 
scribing the Model 210 data proc- 
essing system made by Beckman 
Systems Div., Dept. S/A, Anaheim, 
Calif. The system, which may be 
used for wind tunnel and engine 
test stand data, receives up 

1000 input signals at high speed, 


converts signals to digits, and puts 


information on magnetic tape in 
a format suitable for any com- 
puter. 

Write in No. 353 on Reader Service Card 


TORQUE MOTORS—A fact sheet 
listing specifications for a series 
of torque motors of graduated 
performance characteristics has 
been prepared by American Meas- 
urement & Control, Inc., Dept. 
S/A, 240 Calvary St. Waltham 
54, Mass. Miniature, high-perform- 
ance units suitable for extreme 
environmental conditions | are 
among available units, which are 
used primarily as hydrauile servo- 
valve actuators but are useful in 

other applications. 
Write in No, 354 on Reader Service Card 
more on page 269 
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feed-thru, 
multiple 
insert 


HYFEN® | 


connector 


with crimp-type, 
snap-locked 
contacts 


Makes possible 
the design of 
lighter and more 
compact equip- 
ment. Each insert 
holds 35 contacts. 
Frames available 
for 5 or 8 inserts. 


quick-disconnect 
or permanently 
connected 


Leh tedden 


) terminal block § 
with snap-in, 


spring-loaded 
contacts 


True versatility in a 
terminal block. 30 
modules (2 or 4 tier) 
per foot. Twist of a 
screwdriver transforms 
quick-disconnect con- 
tacts to permanent 
connections. 


“Modular units by Burndy pro- : — 
vide versatile, rapid and reli- 
able answers to the problem 


porpnecting a multiplicity of crimp-type, 


' solid-shank 


STAPIN® 


) taper pin 
contacts 


and, - pneumatic, semi-auto- 
atic ¢ a. tools—can 


Another 
Burndy contri- 
q bution to the 
-. modular con- 
cept of assem- 
. bling standard 
units to pro- 
vide custom- 
fitted end 
products, 


Jaced, providing the most 
nplete ee in the 


= typical applica- 
s for Burndy modular 


For complete information, write: OMATON DIVISION 


URN DY 


tin Europe: Antwerp, Belgium Toronto, Canada 


Write in No. 176 on Reader Service Card at start of Product Preview Section 
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On over-running clutch applications, Form- 
sprag clutches have always provided greatest 
torque capacity for size and weight, no mea- 
surable backlash, extreme precision and long 
trouble-free life. Now! With newly designed 
Formchrome sprags, the best over-running 
clutches provide users with even higher 
performance. 

Here’s why! The new Formchrome sprags 
are made of hardened high carbon alloy steel 
with chromium diffused into the surface to 
form a chromium-carbide alloy. Thus, the 
sprag is corrosion resistant, and has high hard- 
ness and abrasion resistance similar to tungsten 


HIGHER PERFORMANCE FOR 
FORMCHROME* 


AGS 


Formchrome sprags was installed in the reac- 
tion member of a torque converter and a 
competitive clutch in another. The competitive 
clutch showed excessive wear after the equiva- 
lent of one year of operation. The Formsprag 
clutch was run 50% longer and still showed 
only negligible wear.” ~ 

There is a Formsprag clutch for every ap- 
plication—from business machines to aircraft. 
Standard clutches cover a wide range of uses 
and are described in the Formsprag Catalog . 
send for your free copy. However, to meet 
unusual requirements, Formsprag engineers 


will modify a standard clutch or Lo a 
carbides. Result—sprag geometry is retained special—send your application details. .. 
over a longer period and clutches can be used 
on higher over-running speeds. The: Form- 
chrome sprag is exclusive with Formsprag— 
no other clutch, manufacturer can offer you 
its performance advantages. 

Typical of the higher performance users can 
now receive from Formsprag clutches is this 
specific example: A Formsprag clutch using 


FORMSPRAG COMPANY 
23597 Hoover Road, Dept. 102 
Warren (Detroit), Michigan 


In Canada: Renold Chains Canada, Limited 
In United Kingdom: Renold Chains, Limited 


Distributors in Principal Cities 


*Formchrome sprags are produced under a patented process. The use of this process 
in the manufacture of over-running clutches is exclusive with Formsprag. 


OD RISPRAG 
CLUTCH E eS 


TYPICAL APPLICATIONS WHERE “FoRMCHRONE: 
-SPRAGS” HAVE PROVEN SUPERIOR PERFORMANCE 


1. Used in operating submarine ride (Rediles Il), Form f 
sprag clutch allows alternator to over-run the hydraulic : 
driving mechanism. 


Backseo clutch on belt conveyor handling bauxite ore ie” 
subjected to higher over-running speed, extreme abrasive 
dust and hot weather—has been i in | operation a year. — 


The Formsprag clutch consists of a full | 
complement of shaped sprags, or’ 
wedges, located between concentric 
inner and outer races. Power is trans- - 
mitted from one race to the other by ° 
the wedging action of the sprags. Each : 
sprag is so shaped that dimension AA 
is greater than BB. Rotation of one 
race in the “‘driving”’ direction causes 
the sprags to wedge, transmitting torque 
in full from one race to the other, 


Starter clutch for aircraft ground support system allows 
high-speed gas turbine to over-run starter unit. 


For additional information on how Formchrome sprags assure 
better performing clutches, write for technical paper ‘‘Form- © 
_ chrome ee . 


aes SPACE/ACRONAI 


FORMSPRAG OVE 


Micro-photo showing  chro- 


mium-carbide wear surface 
(1900 Vickers—80 R,) of 
Formchrome sprags. Chromium 
is diffused into high-carbon 
alloy. steel sprag (62R¢). 


R-RUNNING CLUTCHES WITH 


OVER-RUNNING -INDEXING 


BACKS TOPPING 


An expanding coil spring keeps the 
sprags in light contact with both inner 
and outer races. There is thus no lost 
motion, the driving torque being in- 
stantaneously transmitted between 
races. The Formsprag Clutch is so 
_ designed that it will transmit a greater 
' torque in relation to its size and weight, 
_ than any’ other comparable type of 
_ clutch . . . specify Formsprag on over- 
running, back-stopping and indexing 
_ applications. 


Forcing a ball or roller into a curved, 
wedged space is an old over-running 
clutch principle. The sprag is, in effect, 
a “roller”? of increased diameter with 
greater contact surface in a given an- 
nular space: Formsprag Clutches engage 
at constantly changing contact points. 
Clutch life is prolonged and backlash 
eliminated. Also, with the inclined sur- 
faces discarded, more sprags can be 
inserted to increase torque capacity. 


RAWSON FOF, 
NWO-LOAD STARTS 


Specify Rawson Automatic Centrifugal 
Clutches and Clutch Couplings. They 
protect the prime mover, eliminate need 
for costly reduced voltage starting 
equipment, permit use of less expensive 
smaller motors to start high inertia 
loads. Completely automatic and en- 
tirely mechanical in operation. Rawson 
clutches provide full overload protec- 
tion, never need adjustment. Write for 
the new Rawson Clutch Catalog now. 


Write in No. 177 on Reader Service Card at start of Product Preview Section 
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How Carrier Corporation 


Heli-Coil® Stainless Steel Screw-Lock Insert is easily wound 
into tapped hole in lightweight aluminum housing. Spring 
tension of the locking coil retains screw securely, meets 
military specifications for locking torque and vibration. 


ee 


Saves 40% in weight - 30% in assembly time 
With AA/LUN ° SCREW-LOCK INSERTS* 


in Douglas DC-8 Jetliner 


To reduce weight in the refrig- 
eration system designed for air 
conditioning the giant Douglas 
DC-8 Jetliner, Carrier engineers 
used aluminum alloy compressor 
castings. To obtain maximum 
performance and reliability of 
threaded connections exposed to 
heat and vibration encountered 
at 600 mph, they selected the 
Heli-Coil stainless steel wire 
thread, internal locking Screw- 
LOCK Insert.. 


The results: design simplified, 
boss areas minimized, weight re- 


duced as much as 40%, lock nuts 
and lock wiring eliminated. Now 
one man assembles the entire: 
unit in 30% less time than before 
...and danger of thread failure 
and screw loosening has ended! 


Manufacturers in every field are 
relying on one-piece, stainless 
steel Heli-Coil Screw-LOCK In- 
serts to meet torque and vibra- 
tion specs...protect threads 
against wear, stripping, galling 
and corrosion.,.save costs, space 
and weight. *Patented 


HELI-COIL CORPORATION 


DANBURY, CONNECTICUT 


Use of aluminum lightens Carrier refrigeration system 


Ye ee siean eerie ee ices obese tie teloweder dl ohooh chro ex eda hh 
I HELI-COIL CORPORATION 105 Shelter Rock Lane, Danbury, Connecticut § 
: I'd like more information on Heli-Coil Screw-LOCK Inserts 3 i 
yp NAME TITLE : 
} FIRM | 
f Appress | 
B ecity ZON $ : 


Write in No. 178 on Reader Service Card at start of Product Preview Section 


-SUBMINIATURE 


DATA PREVIEW 


BALL SCREWS—Technical informa- 
tion on ball screws, ball splines, 
and ball ways suited to the aircraft 
and related industries is available 
in an eight-page brochure issued by 
Beaver Precision Products, Inc., 
Dept. S/A, 651 N. Rochester Rd., 
Clawson, Mich. Cutaway drawings 
and photographs of a variety of 
these devices are included among 
the illustrations. 

Write in No. 355 on Reader Service Card 


NYLON BEARINGS—Form 209 is 
a comprehensive eight-page tech- 
nical data bulletin and catalog on 
nylon bearings made by Thomson 
Industries, Inc., Dept. S/A, Man- 
hasset, N.Y. Nyliners, which in pro- 
duction quantities are said to cost 
less than comparable bearings, are 
designed for snap-in installation 
and may be used without lubrica- 
tion in many applications. : 

Write in No. 356 on Reader Service Card H 


ROTORS — Information on small, 
composite turbine rotors of brazed 
sheet metal construction that fea- 
ture weight and cost savings is 
contained in Report 2085, by 
Stalker Development Co., Dept. 
S/A, 903 Woodside Ave., Essex- 
ville, Mich. Drawings are used to 
point up construction details of 
various rotor types. 

Write in No. 357 on Reader Service Card 


FLUID CONTROL —A folder on mis- 
sile control systems for fuels, oils, 
oxidizers, and coolants has been 
prepared by Koehler Aircraft Prod- | 
ucts Co., Dept. S/A, 409 Leo St., | 
Dayton, O. The publication covers 
several types of valves, as well’ as 
strainers and filters. i 
Write in No. 358 on Reader Service Card 


RELAYS — A 
broad range of over 825 sub- 
miniature relays meeting and ex- 
cluding MIL-5757A, B&C and 
MIL-R-25018 (USAF) are de- 
scribed in a new 12-page, illus- 
trated booklet issued by Industrial 
Electronic Products Div., RCA, 
Dept. S/A, Bldg. 15-1, Camden 2, 
N. J. 

Write in No. 359 on Reader Service Card 


INSULATION — Various type of | 
glass fiber insulations, their de- 
scription, product features, uses, 
and other pertinent details have 
been covered in Form WPD-13, 
an eight-page product design 
brochure available from L. O. F. 
Glass Fibers Co., Dept. S/A, 1810 
Madison Ave., Toledo 1, O. In- 
formation on quartz micro-fibers 
for high-temperature — insulation 

has also been included. 
Write in No, 360 on Reader Service Card 
“more on page 274 


SPACE/AERONAUTICS | 


SMALL! 


f 


Designed 

for use 

_ where space 
and weight 
are 

restricting 
factors 


The 2N1172 is a medium power 
transistor offering dependable operation 
in a new range of applications where 
space and weight have been a problem. 


It’s a mighty mite with more punch 

in a smaller package. The 2N1172, 
excellent for output use or as a driver 
for a very high power transistor, has 
already proved especially effective in 
DC amplifiers, voltage regulators, and as 
a driver for a high power stage in servo 
or other amplifiers. 


This PNP germanium transistor is 
housed in a modified version of the 
JEDEC 30 package with a diamond 
shaped base for improved thermal 
conduction. It dissipates up to 2 watts 
at a mounting base temperature of 70 
degrees centigrade. Available now in 
volume production—write today 

for complete engineering data. 


ey 


DELCO RADIO 


Division of General Motors 


Kokomo, Indiana 


BRANCH OFFICES 


a Newark, New Jersey Santa Monica, California 
a 1180 Raymond Boulevard 726 Santa Monica Boulevard 
Tel: Mitchell 2-6165 Tel: Exbrook 3-1465 


_ C/Watt 


‘Write in No. 179 on Reader Service Card at start of Product Preview Section 
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Mission: MAN IN SPACE 
Filter Application: PROTECT HYDRAULIC CONTROLS 
Filter: PUROLATOR 


e@eeeteeeeeeeeeeee 


A malfunction in the lines of the hydraulic and pneumatic controls of 

the X-15 could send it off its programmed trajectory . . . alter the angle 

of re-entry . . . cause deviation from the ballistic arc. Filtration For Every Known Fluid “ 
Purolator filters are on the X-15 to protect the control s stems. Three 

new filtering applications were worked oak for North ‘ae Aviation, PUR O LATO FR 

designers and builders of the X-15, by Purolator engineers to meet the PRODUCTS, INC. 

space-age requirements of the manned missile. Rahway, New Jersey and Toronto, Ontario, Canada 


Filters for crucial aircraft and missile requirements are a specialty at 
Purolator ... and every application is considered as crucial as those on 
the X-15. Draw on Purolator’s experience to help you handle your filtra- 
tion requirements. A phone call or a descriptive letter, with plans or 


blueprints, will receive prompt attention. 
Write in No. 180 on Reader Service Card at start of Product Preview Section 
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C/R Standard End Face Seal 


aN 
oe 


C/R Rawhide Beveled Gear 


: : Here’s an expert at work, saving you money at fications that. may save substantial production 
ie the right time — during design. Like all C/R costs. Again, he will advise against specifications 
my j sales engineers, he’s an experienced, well-trained or seal types which he knows from experience will 
i representative whose knowledge springs from a lead to service problems and user dissatisfaction. 
i - solid engineering background. His ability to sit His personal “‘value analysis” of your fluid sealing 
by __/ down with you during the design phase will help problems, backed by the quality of these Chicago 

_ develop the most efficient and economical solu- Rawhide products, can save you money. Welcome 
tions to your problems. | him when he calls to see you. 


For example, he will often suggest design modi- 


CHICAGO \|RAWHIDE MANUFACTURING COMPANY 


1293 ELSTON AVENUE * CHICAGO 23, ILLINOIS CSC Is | [ CA G Oo 


Offices in 55 principal cities. See your telephone book. 


In Canada: Manufactured ond Distributed by Chicago Rawhide Mfg. Co. of Canada, ltd., Brantford, Ontario. 
) Export Sales: Geon International Corp., Great Neck, New York R AW Ei I D E 


Write in No. 181 on Reader Service Card at start of Product Preview Section 
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Klixon Precision Thermostats 
HELP ASSURE DEPENDABLE, 
SAFE OPERATION OF MANY 
BOEING 707 COMPONENTS 


For dependable high-limit 

temperature control, the 

AiResearch Cabin Air 
Heater used in the Boeing 707 
has several KLIXON M1 type 
snap-acting precision 
thermostats. 


For example, on the cabin air heaters 
produced by AiResearch Manufacturing 
Division of The Garrett Corporation, 
KLIxon Precision Thermostats assure 
positive temperature protection . . . 
contributing to heater safety and dependability. These heaters are 
lightweight units which fit into the 707’s main cabin air- 
conditioning ducts where they warm incoming air to proper 
temperature. The thermostats shut off the main power source to 
the heaters as a safety precaution in the event temperature exceeds 
the limit value. 


Boeing 707 Jet Airliner 
now in regular passenger service. 


KLIXON snap-acting controls are ideal for applications of this 
type — for several important reasons. They are small in size and 
light in weight; they respond to temperature change quickly and 
with accurate repeat performance; they have ample capacity to 
carry electrical loads as required; and their calibrations stand up 
in the face of severe environmental conditions. 


Let qualified Spencer engineers assist you, too, with your 
temperature control requirements. They will be pleased to study 
your application and, if a standard KLIxon Precision Control is 
not available for it, they can recommend adaptations to operate or 
protect your particular equipment. Write today for the KLIxoNn 
Precision Thermostat Catalog. Choose KLIxon Controls 
with confidence. 


Western manufacturers — refer inquiries to Metals & Controls 
Corporation, Southern California Office. ..232 North Lake Avenue, 
Pasadena, California . . . Telephone Ryan 1-4288. 


METALS & CONTROLS (IMI! CORPORATION 


Spencer Division 3705 Forest St., Attleboro, Mass. 


KLZON 


Write in No. 182 on Reader Service Card at start of Product Preview Section 
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PLASTIC FABR LCATING— 
Matched die molding, vacuum bag 
molding, contact molding and tube 


wrapping of Fiberglas. reinforced 


parts are covered in detail in a 
brochure available from Atlas Plas- 
tics, Inc., Dept. S/A, 690 Sen- 
eca St., Buffalo 10, N. Y. The in- 
formation on_ plastic fabricating 
techniques also discusses pre-mix 
molding and the use of epoxy 
resins for tooling. 


Write in No. 361 on Reader Service Card | 


“SROTARY SWITCH—The Model 


BD2E Ledex subminiature rotary 
selector ‘switch, which is useful in 
stepping, programming, homing 
and other applications, is the sub- 
ject of Bulletins 55852 and 
558ST2, available from G. H. Le- 


land, Inc., Dept. S/A, 123 Web- 


ster St., Dayton 2, O. The first 
provides specifications on one-, 
two-, three- and four-wafer de- 
signs, plus the hermetically-sealed 


type, and the second is devoted to | 


the four-wafer design. 


W. ite in No. 362 on Reader Service Card 


FOAMS—Brochures on rigid, semi- 


rigid and flexible Stafoam poly- 
urethanes are 


available from 


American Latex Products Corp., | 
Dept. S/A, 3341 W. El Segundo 


Blvd., Hawthorne, Calif. The ma- 
terials are now being used in the 


aviation, instrumentation, missile | 


and other fields for vibration 
damping, insulation, — structural 


strength, cushioning and flotation. — 
Write in No. 363 on Reader Service Card 


BRAZED COMPONENTS — “Air- | 


craft, Missile, and Nuclear Brazed 
Components,” which describes fa- 
cilities for the design and fabrica- 


tion of experimental prototype and | 


production quantities of highly en- 
gineered components, has been is- 
sued by Aircraft Components Div., 
Ferrotherm Co., Dept. S/A, 
1851 E. 65th St., Cleveland 3, O. 
The six-page facility listing covers 


the latest silver alloy and nickel — 


alloy brazing techniques. 
Write in No. 364 on Reader Service Card 


NICKEL ALLOYS — Two new 
nickel-base alloys are the subjects 
of publications recently issued by 
Haynes Stellite Co., Dept. $/A, 
420 Lexington Ave., New York 17, 


N.Y. Hastalloy Alloy B, which 


combines - excellent corrosion re- 
sistance with good strength at 
high temperatures, is covered in a 
12-page booklet. A folder details 
the physical, chemical and me- 
chanical properties of Alloy D, a 
cast nickel-base alloy with out- 
standing resistance to corrosion 
from sulphuric acid at all concen- 

trations and temperatures. 
Write in No. 365 on Reader Service Card 
more on page 278 
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Because ordinary magnetically-regulated power supplies are too sluggish 
to handle load and line transients, 


Because NJE refused to be satisfied with such performance, and developed, 
back in 1956, a jundamentally superior circuit, 


Because this thoroughly proven circuit uses the speed and power- 
gain of a transistor amplifier to force rapid response from the 
magnetic amplifier, 
Because the transistors are never in the power path, put handle low-level 
signals only, 


Because this transistor-magnetic eT RM — circuit retains the reliability 
and economy of magnetically-regulated supplies, put greatly im- 
proves speed of response (15 millisec. typical) , widens operating 
range (8:1 typical) and tightens regulation (0.1% typical), 


Because TRM supplies can be “gero-lagged” against line and load transients, 


1t follows : 
that NJE TRM is your best buy in a magnetically-regulated power 


supply ! 


OUTPUT RANGE 


TRM-28-60 | maz 0-60 
TRM-28-120 | ma 0-120 
| [080 | 
TRM-40-30 TRw-40-60 
0- 


5-40 volts TRM-40-12! 5-40 0-120 
0-30 amperes 10-80 075 


TRM-80 
TRM-80 


-30 
-60 


Write for complete catalog 


Cc bed RPORATI ON 
345 Carnegie Avenue, Kenilworth, New Jersey 
CH 1-1500 TWX - Rosette, N.J. 51 FAX-FFP 


Write in No. 183 on Reader Ser vice Card at start of Product Preyiew Section 
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The Case For 


L05mm 


iniaturization 


of Engineering Drawings 


Micro-Master’ 105mm, supplied by K&E, 
is the only system designed specifically 
for engineering drawings 


Micro-Master 105mm offers the gen- 
eral advantages you expect of any 
miniaturization system — space savings, 
protection of costly originals, and ready 
distribution of duplicates. But Micro- 
Master provides these advantages with- 
out oOver-mechanization. A 105mm 
negative — measuring a generous 4 by 6 
inches — is large enough to be located 
easily and read quickly without elabo- 
rate scanning and sorting devices. In 
_ addition, a national network of K&E 
dealers stands ready to provide the 
105mm service you need. 


A Complete System 
from Film to Print 


Micro-Master is a totally integrated 
system for photographing, film process- 
ing and final reproduction or projection 
printing. Completely precision - engi- 
neered — from optics through films, 
papers and chemicals — the system pro- 
vides extremely sharp, high-contrast 
“thin” negatives that furnish high- 
quality, absolutely uniform prints, Cri- 
tical alignment of camera and projector, 
and special vacuum frames which hold 
materials absolutely flat, are typical of 
the optical and mechanical features 
that make the Micro-Master system an 
engineering aid of highest quality. 


No Distortion In Blow-Backs 


Maximum reduction or enlargement for 
Micro-Master 105mm is 10 diameters 
—not up to 30 diameters as with smaller 
negatives. Thus, when drawings as large 
as 40 by 60 inches are reduced or re- 


NEW YORK * HOBOKEN, N. J. 
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enlarged, they retain a clear, sharp 
quality — even in the corners. There is 
no distortion or loss of detail, for all 
Micro-Master reproductions are made 
inside the photographic “quality bar- 
rier” of 10 diameters. Projection prints 
can be made on inexpensive paper as 
well as on cloth or film. 


Like-New Prints 
from Worn Originals 


Old originals can be restored, too — 
even when badly damaged. The Micro- 
Master process uses reflected rather 
than transmitted light. Thus, detail 
which has been lost through light ab- 
sorption—due to dirt or discoloration — 
will “snap back” on the film — giving 
you clean prints with clear backgrounds 
and sharp black lines equal to ink lines. 
The large negative size makes it easy 
to see and eliminate unwanted areas by 
“opaquing out.” Any small paint brush 
can be used for this purpose. 


Easy to Read...Always Accessible 


You can read almost every detail on a 
105mm negative just by holding it up 
to a window or other light source. Table 
viewers are recommended for close 
study, but are not necessary in the 
“search and selection” phase, In a large 
plant or office, engineers can find and 
consult from 105mm negatives without 
waiting for search and delivery of 
originals, and without having to blow 
back tiny reductions to a readable size. 
Engineers or technicians at branch 


plants, warehouses or field installations — 
can maintain compact, complete files - 


of project information — accessible at 
any time without special equipment. 


Easy to File, Easy te Mail 


Micro-Master is a miniaturization sys- | 
tem providing individual negatives that — 
meet archival requirements. Each nega- 


tive is kept in its own 5” by 8” envelope. 


There is ample space on the envelope | 


tor large, legible identification coding 
and other information. Over 12,000 


drawings can be stored in a standard | 
5” by 8” card file cabinet. No com- | 


plicated cross- indexing is needed, for 
negatives of original drawings and all 
subsequent revisions can be grouped in 
the same file, ready for immediate ref- 


' erence. The absence of sorting devices / 
eliminates scratches and other film dam- | 


age resulting from excessive mechanical 
handling. 
/ 
See Your K&E Dealer 
for Information, 
Equipment, Service 


A camera, projector, three types of 
viewers, and all necessary printing ac- 
cessories are available with the Micro- 
Master system, and all equipment can 
be obtained through your local K&E 
distributor. He can also furnish 105mm 


reductions and enlargements of your — 


drawings as a service. For Coe 
information, call your K&E dealer, or 
write to Keuffel & Esser Co., Dept. 
AA-5, 300 Adams St., Hoboken, N. J. 


1634 


KEUFFEL & ESSER CO. 


* DETROIT * CHICAGO * MILWAUKEE ° ST. LOUIS » DALLAS « SAN FRANCISCO * LOS ANGELES + SEATTLE * MONTREAL f 
Write in No. 184 on Reader Service Card at start of Product Preview Section 
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i @ DANA PRODUCTS: Transmissions © Universal 
Joints © Propeller Shafts « Axles * Torque Con- 
_ verters ¢ Gear Boxes ¢ Power Take-offs » Power 
Take-off Joints * Rail Car Drives * Railway Gen- 
rie erator Drives ¢ Stampings ¢ Spicer and Auburn 
oo Clutches *Parish Frames® Spicer Frames ® Forgings 


are 


The U.S. Army’s missile . . . La Crosse . . . is 
designed to kill in a single shot. That’s why 
Martin engineers insist on the most rigorous 
specifications and why Parish was selected as 
subcontractor for the engine metal parts as- 
sembly. 


Precision . . . for absolutely controlled flight 
_.. is built into every part of the Parish as- 
sembly. Balance is critical and the weight of 
the entire assembly cannot vary more than 4 
of 1% of design weight. Add another factor 
... complete interchangeability .. . and you'll 


Missiles destined to be on target 
built with PARISH precision 


see why Parish is one of the select few subcon- 
tractors regularly mass producing for the missile 
industry. 


Parish has the experienced men and the pre- 
cision tools for still another missile contract. 
Why not insure performance by calling Parish 
today? 


WRITE TODAY... 

For free booklet describing Parish 
facilities and equipment that 
can help cut costs for you. 


racision and 
poducue 


Write in No. 185 on Reader Service Card at start of Product Preview Section 
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Fiint Data and 


Control Engineers 


Cross new frontiers in system elec- 
tronics at The Garrett Corporation. 

High-level assignments in the de- 
sign and development of system 
electronics are available for engineers 
in the following specialties: 


1. ELECTRONIC AND FLIGHT 
DATA SYSTEMS AND CON- 
TROLS A wide choice of oppor- 
tunities exists for creative R&D 
engineers having specialized 
experience with control devices 
such as; transducers, flight data 
computers, Mach sensors, servo- 
mechanisms, circuit and analog 
computer designs utilizing tran- 
sistors, magamps and vacuum 
tubes. 


2. SERVO- MECHANISMS AND 
ELECTRO-MAGNETICS Re- 
quires engineers with experience 
or academic training in the ad- 
vanced design, development and 
application of magamp inductors 
and transformers. 


3. FLIGHT INSTRUMENTS AND 

TRANSDUCERS 

1) DESIGN ANALYSIS Requires 
engineers capable of perform- 
ance analysis throughout pre- 
liminary design with ability to 
prepare and coordinate related 
proposals, 


2) DEVELOPMENT Requires en- 
gineers skilled with the analysis 
and synthesis of dynamic sys- 
tems including design of minia- 
ture mechanisms in which low 
friction freedom from vibration 
effects and compensation of 
thermo expansion are important. 


4. PROPOSAL AND QUALTEST 
ENGINEER For specification re- 
view, proposal and qualtest anal- 
ysis and report writing assign- 
ments. Three years electronic, 
electrical or mechanical expe- 
rience required. 


Forward resume to: 
Mr. G. D. Bradley 


THE CORPORATION 


9851 S. pede Blvd. 


; Los Angeles 45, Calif, 
DIVISIONS: 

AiResearch Manufacturing—Los Angeles 

AiResearch Manufacturing—Phoenix 
AiResearch Industrial 
Air Cruisers—Airsupply 
Aero Engineering 
AiResearch Aviation Service 


Check Employment Inquiry Form Page 155 
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DATA PREVIEW 


STEEL TUBING—A new general 
catalog, CS-58, describing carbon 
& alloy seamless steel tubing in 
mechanical, aircraft mechanical, 
airframe - quality and pressure 
grades has been issued by Ohio 
Seamless Tube Div., Copperweld 
Steel Co., Dept. AvAge, Shelby, 
Ohio. The new issue describes 
electric-resistance welded steel tub- 
ing, carbon steels, and fabricating 
and forging of steel tubing also. 
Write in No. 366 on Reader Service Card 


ROTARY SWITCH—Details of a 
new miniature, high-speed, motor- 
driven rotary switch for sampling 
and telemetering airborne applica- 
tions are presented in a data sheet 
available from Instrument Devel- 
opment Laboratories, Inc., Dept. 
AvAge, 67 Mechanic St., Attle- 
boro, Mass. A motor-within-com- 
mutator design is among the fea- 
tures discussed: 

Write in No. 367 on Reader Service Card 


SYNCHROS — A 20-page catalog 
has been issued to describe the 
synchros, precision computing re- 
solvers, linear transformers, servo 
motors, and motor generators 


‘made by Clifton Precision Prod- 


ucts Co., Inc., Dept. AvAge, 9014 
W. Chester Pike, Upper Darby, 
Pa. Detailed tables provide the 
electrical ond mechanical charac- 
teristics for an entire range of 
synchros. 

Write in No. 368 on Reader Service Card 


PULL TOOLS—A new eight-page il- 
lustrated two-color catalog, Form 
8-420, describing its line of stand- 
ard hydraulic pull tools for fastener 
installation is now available from 
Huck Mfg. Co., Dept. S/A, 2480 
Bellevue Ave., Detroit 7, Mich. 
Characteristics of the three basic 
hydraulic units and a listing. of 
the fasteners installed by each too’ 
are included. 

Write in No. 369 on Reader Service Card 


RIVETS — A 16-page catalog and 
three bulletins describing applica- 
tions of drive-pin blind revets are 
included in a comprehensive data 
file offered by Deutsch Fastener 
Corp., Dept. S/A, P. O. Box 61072, 
Los Angeles 61, Calif. The illus- 
trated, two-color catalog presents 
technical data, applications, di- 
mensions and weights for stainless 
steel rivets. The first bulletin pro- 
vides a table for designers to use 
in determining the lightest combi- 
nation of fasteners. The second 
bulletin is an l1l-page fatigue 
evaluation of blind rivets prepared 
by the engineering research labo- 
ratory of a major aircraft company. 
The third is a 23-page report with 
tables devoted to rivet allowables. 
Write in No. 370 on Reader Service Card 
more on page 282 


Model 7102 


$235 


Less batteries 


Transistorized 
tachometer 
measures speed 
without 
physical “loading” 


New portable ELECTRO-TACH 
tachometer releases your ex- 
pensive electronic counters for 
other uses. Weston 250° meter 
movement guarantees speed 
readings accurate to 1% of full 
scale, Frequency-sensitive cir- 
cuit simplifies application of 
magnetic pickups. Operates 
with 3010-AN and other ELEC- 
TRO Magnetic Pickups. 


Standard Speed Ranges Available 


Gear needed 


0-2,000 60-tooth 
0-5,000 60-tooth 
0-10,000 30-tooth 


7120 series for special 
over/under speed control 


Write for new Bulletin ET-7100 


. ELECTRO 
Electro Propucts 
LABORATORIES 
Sensing Elements | 4501-C Ravenswood, 
for Control Chicago 40, III. 


Counting 


Speed and Canada: 
Displacement Atlas Radio Ltd., 


Measurements Toronto 


9014 


Write in No. 186 on Reader Service Card : 
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Why the new interest in 


Sheet of Synthane to which blowtorch is being applied 


While it is unlikely you will ever take 


“up your blowtorch to sample the flame 


resistance of laminated plastics, this 
property emerges asa lively topic for 
discussion among engineers. 

Admittedly its import is for the 
councils of those whose equipment is 
flame-exposed or is powered, amplified 
or controlled by vacuum tubes and 
upon which, clustered or confined, you 
could properly fry an egg. 

Under the circumstances, it is appro- 
priate to ask what laminated plastics 
(or Synthane, to name our choice) have 
to offer in the way of flame retardance, 
and how this property relates to the 
other, and more widely used, advan- 
tages of laminates. 


Two Specific Flame Retardant Laminates 


There are two grades of Synthane lami- 
nates specifically earmarked for flame 
retardance—Grades FR-1 and FR-2. 
Except for its flame retardance, Grade 
FR-1 closely resembles standard paper 
base phenolic Grade XX Synthane. 
Grade FR-2 is similar to Grade FR-1, 


put may be readily hot punched and 


Why, then, i 
_ grades? The answer is partly financial. _ 


Write in No. 187 on Reader Service Card at start of Product Preview Section 
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May 1959 


would be used where flame retardance 
with emphasis on punchability was 
desired. 


Many Grades of Synthane 
Self Extinguishing 


Many standard grades of laminates— 
though they contain no flame retardant 
additives—are self extinguishing. That 
is, they do not support combustion 
when the flame is removed. 

For. example, the fabric and glass 
melamine grades are excellent for their 
self-extinguishing characteristics. The 
same is true of the asbestos grades. 
special flame retarding 


. 


The flame retardant grades FR-1 
and FR-2 offer good electrical and me- 
chanical properties (similar to Grade 
XX) plus excellent flame retardance 
and at a moderate cost. When the elec- 
trical or mechanical requirements are 
severe it is they that may control the 
choice of laminate even though flame 
retardance is still necessary. And it just 
so happens that the cost of producing 
grades with superior electrical and me- 
chanical properties tops the cost of pro- 
ducing flame-retardant Grades FR-1 
and FR-2. 


Comparison of Properties of Synthane 
Laminates with Relation to Flame 


Retardance 

GRADES 
Property FR-1 FR-2 XX CL C-M L-M G-5 G-8 A-M AA-M 
Flame 
Ratardance: © [hee teed ment aed “hcgeai e el Shee oa l= 
Heat 
ehh EY Bo TUL SRA) OM a date Oe 
ARC 
Rcautcet hae Lee GhmchEn ERA Ep Bae Age 
Mechani- 
ical FORRRIF G10 OG) Gs be) 3G eG 
Strength 
Dimen- 
Sandton, o Beet hee Riek epiGye Guy bays Ey Ee OE 
Stability 


Moisture 
Hei abate WA) Sola CMR aad TeaC haa CE SONY eee 


Dielectric 
tet A ASE A ee ed 


he ate RR EMRES MESSE. CERES Bae Rack iE 
Cost Low- Low Low- Low Mod Mod High- High- Mod Low- High- 
est est er er est er 
E=Excellent, G= Good, 
eee aivigisbis sal Zea a ate ees I 8 ie a 
Obviously there is more to this business 
of selecting an electrical insulation than 
flame retardance. In any spot where 
flame retardance is a factor it is pru- 
dent. to counsel. with us, directly or 
through our representatives, to secure 


F=Fair, P=Poor 


| flame retardance of plastic laminates? 


for yourself the Synthane Grade which 
supplies all of the properties you need 
in combination and at a reasonable cost. 
Our aim is to help you obtain the most 
for your money so that you may find 
coming to us a profitable habit. 

For further information about 
Synthane standard or flame retardant 
grades write Synthane Corporation, — 
55 River Road, Oaks, Pa. 


Flame retardant test on Synthane for switch- 
gear application. Heat is supplied by coil en- 
circling the sample. Temperatures up to 1600°- 
1800°F are measured with optical pyrometer. 


CORPORATION, 


OAKS, PENNA. 
Laminated Plastics for Industry 


Sheets, Rods, Tubes, Fabricated Parts 
Molded-laminated, Molded-macerated 
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FIRST IN INTERNATIONAL AIR TRAVEL! Since the very beginning of aviation his- 
tory, men like Blériot, Bossoutrot and N ogués have led the way in international flight. Today 
Air France continues this tradition of leadership in air transport by offering the most non-stop 
flights both ways between New York and Paris and the fastest jet service in Europe and the 
Middle East. Next year Air France plans to cover the world’s largest route network with 
one of the largest fleets of jet aircraft in the world. a Se 

Ona 1G 


AIR:ER 


WORLD’S LARGEST AIRLINE/WORLD’S FIRST INTERNATIONAL AIR SERVICE 


Write in No. 188 on Reader Service Card at start of Product Preview Section 
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The answer to your problems with Solar 
Radiation may well be found in KINNEY 
High Vacuum Coatings. Have you 
explored the possibilities of controlling 
REFLECTION, TRANSMISSION, ABSORP- 
TION and EMISSIVITY with KINNEY 
Precision Evaporated Films? Here are 
advanced techniques, backed by years of 
research and successful production of opti- 
cal and electrical films applied to a broad 
range of surfaces and substances. 


DO YOU SEEK PROTECTION OF 
INSTRUMENTS FROM SOLAR HEAT? 
KINNEY offers Infra-red Reflecting Films 
designed to your specifications... can be 
deposited on Glass, Plastic or Metal... 
and many other materials. 

DO YOU SEEK IMPROVED 

GUIDANCE CONTROL? 

KINNEY Infra-red Low Reflection Films pro- 
vide peak transmission of desired wave 
length on Glass, Quartz, Germanium, 
Silicon, Arsenic Trisulphide and many 
other materials. 

DO YOU WISH TO CONTROL 
EMISSIVITY ? 


KINNEY provides precise deposition of 
films for Dark Mirrors and Beam Splitters 
as well as Absorbing Films. 


Write in No. 189 on Reader Service Card at start of 


OL SOLAR RADIATION 


PRECISION EVAPORATED FILMS 


® 


DO YOU NEED THESE 

ELECTRICAL AIDS? 

KINNEY R.F. Shielding Films... Anti-elec- 
trostatic Films ... Transparent Conducting 
Films .. . Solderable Films on Glass, Phe- 
nolics, etc. 


THESE DEVELOPMENT AND PRODUCTION ; 
FACILITIES ARE AVAILABLE TO YOU 


FRONT AND BACK SURFACE MIRRORS — ANY METALS 
LOW REFLECTION FILMS—ANY WAVE LENGTH 
SEMI-TRANSPARENT FILMS * DICHROICS 
BEAM SPLITTERS ¢ R.F. SHIELDING 
ANTI-ELECTROSTATIC FILMS 


Write for information regarding your spe- 
cific problem . . . no obligation. 


VACUUM EQUIPMENT oivision 
THE NEW YORK AIR BRAKE bE * 
1327E ADMIRAL WILSON BLVD. - CAMDEN - N. J. 


Please send me information on [] Mirrors [] Low 
Reflection Films [] Infra-red Films ([] Semi-Trans- 
parent Films J Dichroics [] Beam Splitters 
(0 R.F. Shielding [] Have engineer call. 


Name 


Company. 
Address 
City 


Zone___State, 


Product Preview Section 
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problem? 
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solve it with i ILLSON 
SOUND BARRIER 


Here is the completely effective, sure 
answer to most high-level noise prob- 
lems associated with aircraft/missile 
sround operations. The 258 SOUND 
BARRIER developed by the Willson 
Research Center is scientifically designed 
with fluid-filled cushions to properly 
baffle harmful high-frequency noises 
ven when accompanied by extreme vibra- 
ton. Yet it lets the wearer hear spoken 
mstructions and enjoy a new standard 
of hearing-protection comfort! 
The SOUND BARRIER has 

seen exhaustively tested as 
your assurance of the finest 
n personal noise protection. 


FLUID-FILLED 
CUSHIONS ASSURE 
NOISEPROOF FIT 


This exclusive 
SOUND BARRIER 
feature provides a 
comfortable, con- 
toured seal around the 
ears... for far better 
noise attenuation 
than cushions of any 
ther material. Unaffected by temperature 
nd pressure extremes .. . tested at —35°F 
nd at 40,000 feet simulated altitude. (Avail- 
ble with earphones, or microphone with 
arphones.) 


TRIAL TEST OFFER 
Yall the nearest Willson distributor for a 
OUND BARRIER trial test, or write us 
or his name. ® 


PRODUCTS DIVISION 
Ny TLLSOQN wwy-o-vac conpany 


Reading, Pennsylvania 
Vrite in No. 190 on Reader Service Card 
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Write 


DATA PREVIEW 


TRANSFORMERS—A new, 100-page 
variable transformer Bulletin 
P258G or wh want to know more 
about variable transformers. This 
comprehensive, easy-to-read, file- 
fitting guide gives product in- 
formation, engineering data, out- 
line drawings, connections, ratings, 
charts and _ illustrations on all 
standard 50/60 cycle powerstats 
plus some special use types, and 
is available from Superior Electric 
Co., Dept. S/A, Bristol, Conn. 
Write in No. 371 on Reader Service Card. 


oe 


PHOTOGRAPHY — An eight-page 
brochure on the Kth 57 cine theo- 
dolite for ballistic and missile 
photography is available from 
Perkin-Elmer Corp., Dept. S/A, 
Norwalk, Conn. It describes the 
performance and specifications of 
the theodolite and its controls, 
and also discusses an available 
master station which allows syn- 
chronous operation of up to four 
cine theodolites. 

Write in No. 372 on Reader Service Card 

ba more on page 284 


DESIGN ENGINE 


PRECISION MANUFACT 


LET WOLLENSAK OPTICAL COMPANY 
BE OF SERVICE TO YOU... 


We are specialists in the development and manufacture of custom optical- 
mechanical devices . . . concentrating on products which require high engi- 
neering excellence and precision manufacture. 

We have worked with many of America’s largest corporations, such as 
GE, Philco, RCA, Haloid Xerox assisting them with sub-assemblies, opti- 
cal-mechanical engineering and manufacture of units, in which we are 
extremely capable. Why not contact us on your next problem. 


Call or write. 


OPTICAL COMPANY, 


Optical Specialists Since 1899 


OPTO-MECHANICAL DIVISION 


WOLLENSAK 


ROCHESTER 21, NEW YORK 


in No. 191 onReides Service Card at start of Product Preview Section 
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Dyna-Soar (for dynamic soaring) is a joint 
project between the Air Force and the NASA, 
and is an attempt to solve the technical prob- 
lems of manned flight in the sub-orbital regions. 
Advance knowledge on the project indicates 
how a boost-glide vehicle can operate from the 
outer fringes of the atmosphere where it can 
maneuver and be recovered undamaged. Studies 
show that by varying the original rocket boost, 


Tmk(s) ® 


and thus the velocity, and with the control 
available to the pilot, the Dyna-Soar aircraft 
can circumnavigate the earth, followed by a 
normal and controlled landing. Boeing Airplane 
Company, one of the competing companies for 
the development contract for the complete 
boost-glide-system, has delegated to RCA the 
responsibility for the development of important 
electronic components of Dyna-Soar. 


RADIO CORPORATION of AMERICA 


DEFENSE ELECTRONIC PRODUCTS 
CAMDEN, N. J. 


283 


fe 


Gevaert X-ray films are used to inspect wing structure of Convair B-58 “Hustler.” 


GEVAERT STRUCTURIX X-RAY FILMS 


-..-..for proof of the product 


Quality-conscious industries rely on Gevaert X-ray films to assure product 
perfection. These films probe deep to search out flaws, and emulsion and 


base characteristics combine to define and separate the miost delicate tones. 


Gevaert Structurix X-Ray Film Types— . 
D-2: A unique slow-speed film ‘of incomparable quality. Gives highest 
detail and finest grain available in any film’ Designed especially for rechecks 
and production inspection of thin or medium sections, and light metals. 
D-4: A medium-speed fine grain film for inspecting medium thick or thick 
sections of light metals, and thin sections of heavy metals. . 
D-7: A high-speed film for medium. to fairly thick light metals, thin and 
medium sections of heavy metals. Also for gamma radiography. 

- If you would like the details on all five Structurix Films, send for the 
free new booklet “Gevaert Industrial X-Ray Films.” 


THE GEVAERT COMPANY OF AMERICA, INC, 
321 West 54th Street, New York 19, N. Y. 
District Offices: Lincolnwood, Ill. (Chicago) + Los Angeles 


Dallas * Denver * San Francisco 
Write in No. 192 on Reader Service Card at start of Product Preview Section 
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DATA PREVIEW. 


METAL” PROPERTIES — Melting 
points and densities of metals 
have been covered in two separate 
charts available from Metals & 
Fabrication Div.,’Fansteel Metal- 
lurgical Corp., Dept. S/A, North 
Chicago, Ill. Both Fahrenheit and 
Centigrade scales are used, and 
densities are grouped into heavy, 
medium and light classifications 

Write in No. 373 on Reader Service Card 


PROCESS CONTROL—Punch card 
machine tool positioning and pro- 
gramming has been covered in 


~ Bulletin J 200 by The Jordan Co., 


Inc., Dept. S/A, 3235 W. Hamp- 
ton Ave., Milwaukee 9, Wisc. The 
bulletin describes. the Shaftrol 
“positioning. gearmotor, which is 
capable of providing resolution of 
one part in 1000 for each of its 
coarse and fine sensors. 

Write in No. 374 on Reader Service Card 


METAL FINISHING — Technical 
Bulletin No’s 215 and 221 de- 
scribe the plating and surface- 
treatment processes carried out at 
Metalectro Laboratory, Dept. S/A. 
‘11423 Vanowen St., Unit 30, No. 
Hollywood, Calif. The general in- 
formation bulletin covers the gen- 
eral field of industrial metal 
finishing, -and also 
plating procedure. ~ 

Write in No, 375 on Reader Service Card 


ELECTRIC CONTACTS—An eight- 
. page brochure covering engineer- 
ing data and contact selection, ma- 
terials, design and sizes of electric 
contacts has been issued by Con- 
tacts Inc., Dept. S/A, 1100 Silas 
Deane Highway, Wethersfield, 
Conn. “Electrical Contact” in- 
cludes data on standard solid rivet 
types, button contacts, and com- 
posite contacts. ' 
Write in No, 376 on Reader Service Catd 


OSCILLOGRAPH—A 12-page book- 
let, Bulletin 1585A on the Type 
5-122 recording oscillograph has 
been prepared by Consolidated 
Electrodynamics Corp., Dept. S/A, 
‘300 N. Sierra Madre Villa, Pasa- 
dena, Calif. The flight-test instru- 
ment is designed for environmental 
extremes, features a crash-resistant 
magazine, and provides 26 active 
and two reference traces. 

Write in No. 486 on Reader Service Card 


FASTENERS — Literature is avail- 


able from Waldes Kohinoor, Inc., 


Dept. S/A, Long Island City, N. Y. 
A three-page illustrated brochure 
gives complete engineering speci- 
fications data for the Waldes QAF 
quick-action stressed panel fastener, 
while the nine-page illustrated bul- 
letin is devoted to the results of 
a series of qualifications test con- 
ducted in accordance with speci- 
fications of NAS 547, Revision No. 
1, dated Oct. 15, 1956. 


Write in No. 487 on Reader Service Card ~ 
Write in No. 193 Reader Service Card> 
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LINDE’s NEW PLASMARC TORCH SERVICE 


_ Brings Industry Production Parts From Refractory Metals 


INc other method of fabricating refractory metals can 
match this... . The high melting Doints of tungsten, 
tantalum, and molybdenum are no longer a problem. 
For LINDE’s new PLASMARC Torch, working in the tem- 


perature range between 15,000 and 30,000 degrees K.,, 


can coat parts or form shapes of virtually any size or 
complexity. It’s an entirely. new way to make such articles 
as rocket nozzles, crucibles, components for electronic 
and X-ray use, and parts for atomic energy equipment! 

The quality of these pieces is uniformly high. Toler- 
ances can be held to +.002 in. or better. The metal 


The PLasmarc Torch employs a non-transferred electric arc 
ie) generate such high temperatures that powder or wire 
fed into the chamber is literally melted. Inert gases flow- 
ing continuously carry the metal particles in a plastic stare 
and deposit them on the workpiece at near-sonic speeds. 
Jets of CO, cool the particles instantly to form heat- and 
erosion-resistant material. Coatings—even on graphite — 
have an excellent bond. Shapes are built up on machined 
mandrels, which are then etched away to leave parts such 
as those shown above. 


loses none of its purity and superior density is achieved. 
With the PLASMARC Torch, LINDE is equipped to supply 
you with parts made of, or coated with, refractory metals; 
or made of a variety of metals combined with non-metals 
or reinforced plastics. LINDE will also provide a wind- 
tunnel materials testing service based on this device. For 
information on this extension of ’LINDE’s well-known 
Flame-Plating service, write Dept. AW-13, LINDE COM- 
PANY, Division of Union Carbide Corporation, 30 East — 
42nd Street, New York 17, N.Y. In Canada: Linde Com- 


pany, Division of Union Carbide Canada Limited. 


ROCKE NOZZLE © 


ELECTRONIC 


“inde”, “Union Carbide” and“‘Plasmarc” are trade marks 
of Union Carbide Corporation. 


GRID CAGE 


SYSTEMS...that test systems 


This punched card controlled Nankervis test system 
tests complex hydro-mechanical servomechanisms. It 
programs a series of steady state and dynamic input 
conditions and selectively records six out of a possible 
11 channels of test data. 


SUBSIDIARY — PENINSULAR METAL. PRODUCTS CORPORATIO 


7193 
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Write in No. 194 on Reader Service Card at start of Product Preview Section 


No system, however simple or complex, is better than the 
system that tests it. If you want proof of reliability, you 
need a reliable (yet simple) test to give the proof. 


Nankervis is the specialist in test equipment design—frequently 
building complete systems to test complete systems. No 

job could be more demanding. Nankervis test rigs verify 
missile component performance from design to count-down; 
over 86% of all component test equipment for commercial 
jet engines is Nankervis-built. 


Nankervis offers you two decades of test equipment 
experience, with top-flight testing engineers to serve you 
in the country’s most modern test equipment facility. 


Have a testing problem, or want to know more about 
Nankervis? Write or call George L. Nankervis Company, 
15800 Fullerton Avenue, Detroit 27, Michigan. 


GEORGE L. 


VNANKER VIS 
N fA if i YW K | ay iY A 


COMPANY 
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readers’ round table 


Technical talent management for R&D 


by Irven Travis 
Vice President—Research & Engineering, 
Burroughs Corp. 


To MANAGE technical talent, 
one must know something of the 
technical man to be managed. He 
is a sensitive individual whose 
greatest reward is a sense of ac- 
complishment. 

He wants to know what is ex- 
pected of him, but he does not 
want to be told how to do it. He 
is intolerant of petty annoyances: 
rigid control of his time and delays 
in approval of purchase requisitions 
irk him exceedingly. He will not 
cheerfully accept counsel from a 
superior unless that superior has 
his complete technical respect. 

Each technical man has a certain 
level of creative talent. If he is 
creative, he does not think along 
conventional lines. If he does not 
think along “conventional lines in 
his specialty, he may be expected 
not to think along conventional 
lines in other’ matters. The more 
creative he is, the more he thinks 
he should do his own planning, and 
the less constraint he is willing to 
accept from others. 

It is in this question of degree of 
constraint that we approach one of 
the most critical aspects of man- 
agement of technical talent. If an 


- individual is keenly interested and 


\ 


May 1959 


highly talented in a certain narrow 
technical field, you can be sure that 
whatever end objective is set for 
him it will be done by his pet 
technique. 


ee 


Contributions | to this department 
may be on any subject, technical or 
nontechnical, about which readers 


would like to air their views. Names 


and professional affiliations will be 
withheld on request. 


———— ae 


fi 


<— MAXIMUM LAVISHNESS 


PROBABLE GOOD POINT OF OPERATION 


COST OF R&D. OPERATION ———> 


DEGREE OF CONTROL 


MINIMUM COST 


PROBABLE GOOD POINT 
OF OPERATION 


REGION OF INCREASING FRUSTRATION 


PROFITABLE TECHNICAL ACHIEVEMENT ———— 


QUTSTANDING SCIENTIFIC SUCCESS, 
DUBIOUS PROFITABILITY 


ROBOT LEVEL, NO CREATIVITY 


DEGREE OF CONTROL ———~ 


COST and profitable technical output as functions of control. 


If his field is optics, and you ask 
him to develop an automatic com- 
puter, it will not be of the old 
traditional mechanical type, not 
the newer exciting electronic type— 
it will be optical. It is in the process 
of matching the man to the task 
that success or failure will be 
achieved. 


Don’t try to change a 
creative person! 


You should not try to change a 
creative individual. The likelihood 
of success is negligible, and if you 
were to change a creative individ- 
ual, you could do so only at the 
expense of destroying his creative 
talent. 

In any R&D program there 
must be a spectrum of work rang- 
ing from very basic additions to 
human knowledge to the develop- 
ment of a product prototype. At 
the most fundamental end, objec- 
tives are understood only in the 
most general terms. Also, errors in 
obtaining these objectives are tol- 
erable. A basic research result, not 
quite on target, is still likely. to 
have value. 

At the other end of the scale 
stands the development of a prod- 
uct prototype. Unless the prototype 


is manufacturable and salable at 
a profit, the money spent on its de- 
velopment is almost a total loss. 

It is clear that the rigidity of 
constraint in the first case is 
minimal and that the opportunity 
for creativity is very great. In the 
case of the product prototype, the 
objective is quite accurately defined. 
Constraints to conform to the def- 
inition must be rigid, and little 
opportunity for creative thinking 
exists. 

Personnel must be assigned in 
this creativity spectrum in accord- 
ance with their natural inclinations. 
There must be a close match be- 
tween the requirement for con- 
straint and willingness to be 
constrained. The man who wants 
to develop and design for a specifi- 
cally defined objective, using 
proven principles but is assigned to 
a job loosely defined and requiring 
a great deal of original thinking 
will be ineffective. He will try, but 
lacking the originality that’s needed 
he is unlikely to produce well 
enough to justify retaining him in 
that assignment. 

If a highly creative scientist is 
given a job hemmed in by technical 
decisions already made for him, he 
will not even try. He will seek re- 

more on next page 
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a silicone resin sleeving 
so flexible you can get it 
in spools or coils! 


@ FLEXIBLE — may be manipulated at all tempera- 


tures, —70° to +-500° F. without cracking or 
checking, Dielectric strength remains even when 
sleeving is knotted. 


@ HIGH DIELECTRIC STRENGTH — up to 7000 


Volts, depending on grade. Certified to meet 
government specification MIL-I-3190, latest re- 
vision, 


@ RADIATION RESISTANT — retains nonconduc- 


tive properties under greater-than-average ran- 
dom intensities. 


@ WIDE RANGE OF SIZES —.010” LD. to 3” 


@COLOR CODED — available in 


I.D. Larger sizes possible, 


12 brilliant, 
non-fading colors. 


@ CHOICE OF LENGTHS —for the first time, 


continuous lengths up to 5000 feet available, thus 
eliminating waste. 36 inch lengths where pre- 
ferred, 


@ DEPENDABLE, FAST DELIVERY — Immediate 


delivery on standard items from stock . . . 48 
hours for new production. 


Write in No. 195 on Reader Service Card at start 
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VARGLAS 


SILICONE RESIN 


"500" 
SLEEVING 


Extremely useful where minia- 
turization ‘increases heat and 
dielectric load on smaller wires, 
Varglas Silicone Resin “500” is 
only one of many sleevings 
made by Varflex for this type 
of service. If you have a special 
insulating problem, call on our 
engineers for modifications of 
existing products, or for de- 
velopmental work to meet 
stringent new requirements. 


@ Send for free test samples. 


Lex SALES CO., INC. 


“Never Satisfied Until You Are” 


Manvfacturers of Electrical Insulating Tubing and Sleeving ¢ 316 Jay St., Rome,.N.Y. 


of Product Preview Section 
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assignment, and if he cannot get 
reassignment, he will quit. 

In my opinion, there is no 
greater single source of frustra- 
tion and therefore ineffective use 
of technical personnel than a mis- 
match of the creativity of the in- 
dividual and the creative oppor- 
tunities of his job assignment. A 
good match must be made between 
the talents and inclinations of the 
individual and the objective which 


_his job\is to attain. 


Any R&D program has two 
types of control 


In an R&D program, there are 
actually two types of control. I be- 
lieve that in most managements 
there is generally less appreciation 
of the need for technical control 
and more consciousness of the need 
for financial control. Technical 
control is more subtle, very hard to 
measure, and is much more of an 
art than financial control. 

Efficiency, in the scientific sense, 
is defined as the ratio of output to 
input. The efficiency of an indus- 
trial R&D program is profitable 
technical achievement per dollar 
spent. From the standpoint of 
corporate management, profitable 
technical achievement is the output. 
Dollars spent is the input. 

A simple approach to maximiz- 
ing efficiency would be to work 
independently upon numerator and 
denominator of the efficiency frac- 
tion—to try by any means to in- 
crease profitable technical achieve- 
ment and, through _ suitable 
financial controls, to reduce costs. 
This approach would ignore the fact 
that both input and output are 
functions of control. 

Control, as it affects cost, js 
both functional and financial con- 
trol, but primarily financial. Con- 
trol, as it affects profitable 
technical achievement, is both 
functional and financial, but more 
functional. ‘ 

The curve of cost vs control 
starts at a high value, the luxurious 
operation which might exist if there 
were no controls at all, and de- 
creases, becoming asymptotic to 
an irreducible minimum below 
which no further control would 
be effective. 

The profitable technical achieve- 
ment curve starts at a low value 
(not zero, because with no control 
whatever, intelligent people would 
do something useful), and rises 


" mere on page 290 
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A dynamic standard of predictable performance 


5 Ways to Save Fastener Weight 


New FN Featherweight /ocknut series 


. 
4 
fi 
§ 
4 
. 


combines minimum mass, outstanding performance 


& 

; 

q 

a 

: Up to 72% lighter than commonly used sheet metal or 

} AN Series nuts. Tolerance on squareness of bearing surface 

| to threads is 50% less than required by specification, 

4 providing reduction in stress concentration. Vibration resist- 

ance exceeds MIL-N-25027 requirements by 50%. 

{ 

¥ Characteristics 

i } Sizes—#4 through % Material—Alloy steel 

4 Tensile strength—160,000 psi Plating—Cadmium 

; 5; SPS FN-12 Seri on 180,000 psi tensile bolt 

a Bovrelakit Ge eis : Temperature—550°F max. SPS Bulletin No. 2426 

q Designed for 800°F service. Corrosion and oxidation resist- 

ant; low magnetic permeability. Up to 60% lighter than 
conventional NAS 679 counterparts. Alsoless costly because 

1 made of austenitic stainless instead of A-286 super alloy. 

E Characteristics 

- Sizes—#4 through % Material—Austenitic stainless 

_ Tensile strength— 160,000 psi Plating—Silver 

a on 180,000 psi tensile bolt 

, SPS FN-812 Series T —800°F 

; . Featherwelght Hex Locknut emperature max. SPS Bulletin No. 2521 

- 


— 


Static strength capable of breaking a 220,000 psi tensile 
bolt. Lightest locknut of this strength available in sizes #10 
through 1%. Exceptionally close tolerance on bearing face 
squareness gives up to 30% longer bolt fatigue life. 


ere ee 


Characteristics 
Sizes—#10 through 1% Material—Alloy steel 
Tensile strength—220,000 psi Plating—Cadmium 
Temperature—550°F max. SPS Bulletin No. 2487 


SPS FN-22 Series Featherweight 


o, 
x 12-Point External Wrenching Locknut 

7. : s 

: 900°F locknut designed for use with high-strength engine 
" bolts having 0.003 in. reduced pitch diameter. Close control 


of squareness between bearing face and threads makes 
these the only standard nuts for their temperature meeting 
squareness requirements of MIL-N-7873. 


ee, 


Characteristics 
Sizes—#10 through % Material—AMS 6304 
ns ; Tensile strength—200,000 psi Plating— Nickel-cadmium, Silver 
| SPS FN-920 Series Featherweight Temperature—900°F max. SPS Bulletin No. 2504 
— i2-Point External Wrenching Locknut 
v 
o Offers 160,000 psi tensile at room temperature; 140,000 
i at 1200°F. Reduced stress concentrations achieved by 
_ maintaining 0.003 in. bearing face squareness. Simulated 
if ‘ service tests document high lock retention during repeated 
4 100 hr. exposure to 1200°F while stressed to 90,000 psi. 
> ; 
A Characteristics 
4 : Sizes—#10 through ¥% Material—SPS-M-118 (A-286) 
i ‘ es es Tensile strength— 160,000 psi Plating—Silver 
ay SPS FN-1216 Series-Featherweight . Temperature—1200°F max. SPS Bulletin No. 2468 


12-Point External Wrenching Locknut 


4 


Extensive laboratory tests have been conducted on each design of SPS Feather- 
weight series locknuts to insure their meeting or exceeding specification or 
application requirements. For bulletins or samples, write SPS—manufacturer of 
i precision threaded fasteners andallied productsin many metals, includingtitanium. 


AIRCRAFT/MISSILE Division wes 


JENKINTOWN 54, PENNSYLVANIA + SPS WESTERN, SANTA ANA, CAL. 


Write in No. 196 on Reader Service Card at start of Product Preview Section a 
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gradually, as control is increased, 

to a critical peak value. Control 

beyond this point causes the out- 

put to decline very sharply to a 

small, constant value. 

I think it is evident that a cer- 
tain degree of control is necessary, 
but that over-control is suicidal, 

On the curves is a point well down 

toward diminishing improvements 

in cost and safely away from the 
danger point on profitable technical — 

achievement. This point might in- 
~ dicate an optimum degree of con- 
trol. : 

If too much control is to be 
avoided, then the need to control 
must be eliminated. This means 
good understanding at all operating 
levels of the broad goals and objec- 
tives. This understanding must 
start with top management. 

The beginning of an understand- 
ing by the rank and file of R&D 
people of their own objectives lies 
in sound R&D planning at the 
highest level, and the communi- 
cation of these plans in proper 
terms to all levels of organization. 
Top level planning must result in 
an R&D program which is oriented 
to the needs of the corporation as 
opposed to the curiosity of the 
investigator. 

If an R&D program is to be ori- 
ented toward the profit needs of a 
corporation, we first must examine 
the corporation itself to find what 
these needs may, be. Any corpora- 
tion has an operating complex 
through which it earns profits. It 
may make and sell a line of pro- 
ducts in a comparatively narrow 
field. It may operate in a broad area 
in which the common denominator 
is the underlying technology. such 
as the office equipment industry, 
which sells data processing equip- 
ment. 

The corporate complex ordin- 
arily has evolved from a much 
simpler operation, sometimes by 
plan, often by chance. However the 
corporate earning complex may 
have come into being, it has attri- 
butes that can be studied from the 
viewpoint of R&D needs. It has 
strengths that are available to ex- 
ploit research results, it has weak- 
nesses that R&D may be able to 
overcome. The strengths and weak- 
nesses must be carefully evaluated 
—as they exist now and as they 
may be expected to exist in the 
future. 

There are many considerations 
that have to do with corporate - 


to advance new concepts On 


SPACE FLIGHT — 


© Expanded Research programs to meet the most complex technological 
requirements of the Space Age are only one of the far-reaching objectives 
of the new multi-million-dollar Lockheed Research Center, near Los 
Angeles. Destined to become one of the nation’s major research instal- 
lations, its programs are broad in scope and designed to investigate new 
frontiers of space flight. 


OA primary consideration in planning the new Research Center was to 
provide environment for scientific freedom and ideal research conditions 
—using the most advanced equipment available. This modern, integrated 

research facility will touch almost every aspect of aviation and transporta- 
tion—leading toward exploration into completely new or relatively un- 
developed fields of science and industry. 


Mon completion, most of Lockheed’s California Division’s research 
facilities will be located in this single area. The Center will provide com- 
plete research facilities in all fields related to both atmospheric and space 
flight—including propulsion, physiology, aerodynamics and space dy- 
namics; advanced electronics in microwave propagation and infrared; 
acoustics; mechanical and chemical engineering and plasma/magneto- 
hydrodynamics; thermal electricity; optics; data communications; test 
and servo-mechanisms., 


Othe first phase of the advanced research building program has already 
begun—with initial construction of a $5,000,000 supersonic wind tunnel 
and high-altitude environmental test facilities. 


© Scientists and engineers of high caliber are invited to take advantage of 
outstanding career opportunities in this new Lockheed Research Center. 
Openings now exist for thoroughly qualified personnel in: Electronics; 
aero and thermo dynamics; propulsion; servo-mechanisms; materials 
and processes; structures and stress; operations research; research in 
optics, infrared, acoustics, magnetohydrodynamics, instrumentation, 
mechanics and hydraulics; mathematics and in all phases of design. 


Owrite today to: Mr. E. W. Des Lauriers, Manager Professional Place- 
ment Staff, Dept. 1905, 1708 Empire Avenue, Burbank, California. 


LOCKHEED 


CALIFORNIA DIVISION 


BURBANK, CALIFORNIA 


- more on page 293 
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Tubexperience in action 


How Superior Breaks the Spec Barrier 
_ in Stainless Hydraulic Tubing 


Just meeting specifications isn’t enough when you are produc- 
ing stainless steel aircraft hydraulic tubing. More and more 
customers are asking for and getting “above normal speci- 
fication” tubing from us, even though we now produce to 
18 current MIL, AMS and AN Specifications. 


Here are just a few of the extras requested by Superior 
customers in recent orders: 

EXTRA LOW DEFECT LEVEL. We satisfied requirements by special 
production, verified by Eddy current inspection, the tubing being 
below .065 in. wall. 

SPECIAL SPRING-BACK CHARACTERISTICS. Customer’s requirements 
were met by producing the tubing to limited cold-worked 
temper range. 


RESTRICTED MICROINCH FINISH LIMITS. Special drawing procedures 


and surface roughness inspection were used to achieve the finish 
required by the customer. 


It is usual for Superior to do the unusual, since it is the 
world’s most experienced producer of small-diameter tubing 
and has the widest range of analyses and sizes, plus the 
specialists to help solve puzzling tubing problems. 


If you have a problem involving high-quality aircraft tubing 
and want the best combination of physical and mechanical 
properties, including high strength, ductility, fatigue and 
corrosion resistance, and good working qualities, consult us. 
We specialize in Seamless and Weldrawn® stainless steel 
aircraft hydraulic tubing in AISI Types 304, 321 and 347 in 
sizes ranging from .012 through 1.125 in. OD. Ask for Cata- 
log 21, Superior Tube Company, 2038 Germantown Ave., 


Norristown, Pa. 


Syeertivr VG 


The big name in small tubing 


NORRISTOWN, PA. 
All analyses .010 in. to % in. OD—certain analyses in light walls up to 24 in. OD 


West Coast: Pacific Tube Company, Los Angeles, Californ 
Write in No. 197 on Reader Service Card at start of Product Preview Section 
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BRUEL.& KJAER INSTRUMENTS 


Correct Test Signals 
to a Constant Level 


AUTOMATICALLY...) 3.2, c7eer em 


Plot Responses 


~w Automatic regulation of the test system frequency response (A) 
produces a constant level testing signal (B). 
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> Cuts Testing Time— | 
> Greatly Reduces Possibility of Operator Error! 


Three test systems for these ranges: 
2-4000 c/s; 20-20,000 c/s; 200-200,000 c/s. 


Frequency response recordings of amplifiers, speakers, 
microphones, accelerometers, mechanical resonance, 
as well as other measurements requiring a controlled 
signal source arenow performed automatically. Bruel & 
Kjaer measuring instruments perform this function in 
Model 3302: Response Recolder far less time than is possible with other techniques. 
The Response Recorders are a basic module in the 


Bruel & Kjaer Integrated Instrument Systems for meas- 
uring sound, vibration and strain. - 


Gentlemen: 
Please send me the 
L] B & K Response Recorder Brochures 
al B & K Complete Line Catalog 


Exclusive Franchised U. S. Marketing Agent for 
Bruel & Kjaer Instruments 


—— — 


INN ar Sa en eee O 
wo 
COMPANY. mma B & K INSTRUMENTS, Inc. 
ADDRESS. prem ce ; 
ae seve peo ae yeaa ey) 3040 W. 106th STREET » CLEVELAND 11, OHIO» CLearwater 1-8430 
See No. 198 on Reader Service Card at start of Product Preview Section : ; 


SPACE/AERONAUTICS 


< 


ROUND TABLE... 


policy with respect to R&D. Top 


management must apply them and 
many others to formulate broad 
objectives for an R&D program. 
After management has determined 
policy and objectives in the large, 
it is then the responsibility of tech- 
nical management to translate these 
broad terms into a technical pro- 
gram. The end result of this two- 
phase R&D plan must be a 
technical content that matches the 
profit. needs and the ability to 
exploit of the corporation. 
When the technical program has 
been spelled out in detail by top 
technical management and _ is 
passed on to lower levels, the “why” 
must go with it. Communication to 
all levels of the total corporate 
picture is necessary to allow cre- 
ative thinking at all levels. Never 
talk down to an R&D man. Never 
lose a chance to broaden his per- 
spective about the way in which 
his efforts may be translated into 
company profits—this year, next 
year, or in the years to come. 
He must understand management 
objectives in the broadest sense, and 
must understand why he is work- 
ing on today’s tasks. He must 
understand how his own creative 
modification of his own tasks can 
better align his results with the 
profits needs of the company. He 
must understand how his results, 
together, with the results of his 
colleagues, would be exploited by 
the company, and he should have 
a good idea of when and by whom. 
With this type of understanding 
on the part of the individual, the 
need for constraints by manage- 
ment tends to fall away. I might 
sum up by saying that if research 
management is successful in as- 
signing the right men to the right 
jobs and providing them with 
perspective regarding corporate 
aspirations, the only way it can 
mismanage is to manage too much. 
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CLASSIFIED 


FINANCING AVAILABLE for new and used 
airplanes, purchase of aircraft radios and 
other equipment and for airplane repairs and 
aviation insurance. 7% interest per annum. 
AIRCRAFT FINANCING COMPANY, 303, Kauf- 
man Building, Wichita 2, Kansas 


Fast Service and 30 day Approval on all Avia- 
tion, Aero. Engrg. & Space, books. Avia, Pub. 
Serv. Box 566, Ypsilanti, Mich. 


ENGINEERING AND SALES REPRESENTATIVES 
to West Coast aircraft and missile companies 
desire an additional line. Established five 
years. Two engineers traveling at present. In- 
terested in airborne or ground support Ps 
ment, Box No. 282, SPACE/AERONAUTICS, 


205 E. 42nd St., New York 17, N.Y. 


chart it...see it 
~«- and count on it! 


You can act confidently...when you ‘see facts - 
on charts...and here’s how Technical can serve you: 


STANDARD CHARTS... “SPECIAL” CHARTS... 


for every instrument! made to order! 

No matter what the meter, Special grid sizes... 

Technical has a special chart papers... 

chart to fit. changes in standard charts... 
Over 15,000 from one source. whatever your need, 

There's extra savings... Technical can supply it! 

in ordering, Circular charts . . . strip charts 
in inventory, ... computer paper... any size, 
in speed, in chart costs. shape, grid, ink color, 

And, you can punching is available. 

depend on the record You can count on 

...and on the service, too. Technical's know-how! 


Write for "Standard Chart'' facts. | Write for ‘Special Chart” facts. 


FAST 
CHART SERVICE 


Thousands of charts are ready 
now...for immediate shipment ! 
Technical meets your needs on time, 


c€CHNICa 


SALES CORPORATION 


16599 Meyers Road Detroit 35, Michigan 
representatives for Technical Charts Inc. and Staebler & Baker, Inc. 


Subsidiaries of Graphic Controls Corporation 
Write in No. 199 on Reader Service Card at start of Product Preview Section 
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BRIEF RECAP of satellite orbits, maximum and minimum 
heights, and launch and fall dates (as of April 1) seems 
to be in order now that ten satellites have orbited: 
(1) Sputnik I—588 to 142 miles, Oct. 4, ’57, to Jan. 4, 
"58; (2) Sputnik II—1038 to 140 miles, Nov. 3, "57, to 
Apr. 13, '58; (3) Explorer I—1537 to 224 miles, launched 
Jan. 31, ’58; (4) Vanguard I—2453 to 409 miles, 
launched March 17, ’58; (5) Explorer III—1741 to 118 
miles, March 26, ’58, to June 27, 58; (6) Sputnik Il!I— 
1168 to 130 miles, launched May 15, ’58; (7) Explorer 
IV—1380 to 157 miles, launched July 26, ’57; (8) Atlas— 
625 to 118 miles, Dec. 18, ’58, to Jan 21, ’59; (9) Van- 
guard III—2050 to 335 miles, launched Feb. 17, 759. 


TM OH 


SIKORSKY’s AMPHIBIOUS HSS-2, which made its maiden 
flight recently, is the Navy’s first ’copter that can both 
seek out and destroy submarines. Much of its versatility 
it owes to its boat hull and its two GET58-6 turboshaft 
engines (each rated at about 1050 shp). Detail specs on 
the HSS-2 are still classified, but Sikorsky has revealed 
that its design is ‘‘in the weight class of a medium trans- 
port helicopter.” 


24: 


TRAINING and test model of North American GAM-77 | 
Hound Dog has the same aerodynamic characteristics as 
the operational version of the air-to-ground missile. 


FIRST SHOTS of Thiokol rocket engine for X-15 were 
released. Thrust is reported as 50,000 Ib, which will give 
the manned research vehicle a 4000-mph speed. 


FLOW SOLDERING machine for printed-circuit wiring 
boards eliminates cold joints and icicles, report engineers 
at new Phoenix, Ariz., plant of GE’s Electric Computer 
Dept. In this high speed setup, a conveyor belt passes 
the boards over a dross-free, moving stream of molten 
solder. ; 


This missile system with nuclear 
capability is on the way to becoming 
a standard Army weapon. To be 
produced by Sperry-Rand, it is 
scheduled ultimately to replace the 
CORPORAL artillery missile system. 
The Jet Propulsion Laboratory- 
developed SERGEANT is invulner- 
able to any known enemy electronic 
counter-measures. And, thanks to a 
simplified Thiokol solid propellant 
rocket motor, the missile is extremely 
mobile — can be transported on mili- 
tary vehicles. 

When SERGEANT becomes oper- 
ational, the Army will possess one 
of the most maneuverable and accu- 
rate artillery weapons in its history. 


Engineers, Scientists: perhaps 
there’s a place for you in Thiokol’s 
expanding organization. Our 
new projects present challenging 
problems and a chance for 
greater responsibility. 


Thiokol » 


CHEMICAL CORPORATION 


TRENTON, N. J. * ELKTON, MD. 
HUNTSVILLE, ALA. * MARSHALL, TEXAS 
MOSS POINT, MISS. * BRIGHAM CITY, UTAH 

DENVILLE, N. J. ° BRISTOL, PA. 


® Registered trademark of the 
Thiokol Chemical Corporation for its liquid 
polymers, rocket propellants, plasticizers 
and other chemical products. 
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Convair 
and the ages 
we live in 

JET AGE ¢ MISGILE AGE 


SPACE AGE* ATOMIC AGE 


In this era that probes beyond all 
scientific horizons, the Convair 
division of General Dynamics 
Corporation has attained famous 
firsts in all four areas. JET AGE: B-58, 


first supersonic bomber. MISSILE AGE: 


Atlas, our first Intercontinental 
Ballistic Missile. SPACE AGE: The 
world’s first ICBM to be placed 
in orbit. ATOMIC ‘AGE: Convair 
was first to make tests on 
a nuclear reactor carried in flight. 


Convair, as a member of the 
General Dynamics industrial family, 
is assisting to assure world peace 
and expanded scientific 
knowledge in the four ages we 
live in—an era unequalled 
in all of history! 


CONVAIR 


A DIVISION OF 


-ORATION 


